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ABSTRACT 
  
 
The ecological impact of past extinction events is one of the central issues in paleobiology. In 
face of present environmental changes, a better understanding of past extinctions will enable us to 
identify the magnitude of biodiversity crises and their underlying processes. The Late Neogene 
was a time of extraordinary climatic reorganization, including Northern Hemisphere glaciation, 
the rise of the Central American Isthmus, and associated changes in environmental conditions. 
Therefore, the Late Neogene extinctions of marine molluscs of South Florida present an ideal 
platform to examine the interaction between environmental changes and biotic response. In the 
present study, three different aspects of the Late Neogene extinctions are examined: temporal 
diversity patterns, selectivity patterns, and the impacts of these extinction events on ecological 
interactions.  
 In the first part of this study, the diversity pattern of marine bivalves of Florida during the 
Late Neogene. Using bulk samples enables to take account of varying sampling intensity and 
underlying relative abundance distributions in diversity estimation. Comparison of sample-
standardized diversity analyses shows that both richness and evenness of marine bivalve 
community declined at the Tamiami – Caloosahatchee transition, which coincides with the 
proposed first phase of the Late Neogene extinctions at the end of the Pliocene. Although 
magnitude of biodiversity loss was severe during these late Neogene extinction events, extinction 
risk was non-randomly distributed across taxa. Selectivity analyses, a combination of both 
commonly used non-parametric tests and logistic regressions, suggest that abundance or local 
population size was positively related with survivorship during the late Neogene. As other 
biological or ecological traits can influence this observed relation between abundance and 
x 
 
extinction vulnerability, multivariate approach is used to control for these traits. Even after effects 
of geographic range and feeding mode is considered, the positive relation between abundance and 
survivorship, which supports predictions from biological studies, is evident in case of these Late 
Neogene extinction events. While present analyses show that the increase in relative abundance 
of Chione is a major factor in driving changes in community compositions, interactions between 
Chione and its’ drilling predators also varied during the Late Neogene. This study suggests that 
identification of predators is a critical part of evaluation of prey-predator interactions. When drill 
hole traces of two predatory gastropod groups, muricids and naticids, are differentiated based on a 
revised site selectivity criteria, temporal trend of prey size selectivity differs from previous 
reports. Both groups exhibit some changes in predatory behavior during phases of the Late 
Neogene extinctions, suggesting that previous hypothesis of prey turnover at the Caloosahatchee 
– Bermont transition cannot explain the observed temporal trends of prey size selectivity in the 
present study.
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CHAPTER 1: INTRODUCTION 
 
 
Marine molluscs of the Tropical Western Atlantic experienced a major faunal turnover 
during the Late Neogene (Woodring, 1966; Stanley, 1986; Jackson et al., 1993; Allmon et al., 
1993; Petuch, 1995; Allmon et al., 1996; Roopnarine, 1996; Jackson and Johnson, 2000; Todd et 
al., 2002; O’Dea et al. 2007; O’Dea and Jackson, 2009; Leonard-Pingel, et al., 2010). Two 
specific environmental changes have been proposed as the causal factor of this faunal turnover 
during the Late Neogene – a change in the marine nutrient regime (Vermeij and Petuch, 1986; 
Jackson et al., 1993; Allmon et al., 1996; Jones and Allmon, 1995; Collins et al., 1996; Allmon, 
2001; Jackson and Johnson, 2000; Anderson, 2001; Todd et al., 2002) and climatic cooling 
(Stanley and Campbell, 1981; Stanley, 1986; Jackson, 1994; Jackson and Budd, 1996; Jackson et 
al., 1996; Jackson and Johnson, 2000). These changes can be attributed to the effects of 
associated with the uplift of the Central American Isthmus and associated altered oceanographic 
patterns and intensification of Northern Hemisphere glaciation during the Late Neogene. This 
chapter will provide an overview of the global climatic condition during the Late Neogene, and 
specific changes in climatic conditions regarding the Tropical Western Atlantic. Following this 
background, the stratigraphic framework of the South Florida region will be introduced which 
will be followed in subsequent chapters.  
Global climatic condition during the Late Neogene 
 Compared to today, major features of Pliocene warm period include nearly 3 °C higher 
temperature in higher latitudes (Zachos et al., 2001), 10-20 m higher sea level (Ramyo et al., 
1996), differing thermohaline circulation regimes (Ravelo and Andreasen, 2000), enhanced 
atmospheric carbon dioxide concentrations (Van der Burgh et al., 1993), smaller ice sheets in the 
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Northern Hemisphere, reduced Antarctic ice sheets (Haywood et al., 2000), as well as changing 
thermocline depth in tropical Pacific and El Niño conditions (Wara et al., 2005). Gradual cooling 
from this warm interval occurred diachronously at different latitudes (Ravelo et al., 2004; 
Salzmann et al., 2011) and may be influenced by different regional processes, rather than any 
single event (Driscoll et al., 1998; Cane et al., 2000, 2001).  
Pliocene paleoclimate records from the oxygen isotopic composition of benthic 
foraminifers suggest that the Arcitc and subarctic areas were ~2-4°C warmer than today (Dowsett 
et al., 1996; Salzmann et al., 2011). Although ephemeral ice coverage in Greenland can be traced 
back to the Late Eocene and Early Oligocene as determined by the presence of ice-rafted debris in 
the North Atlantic (Eldrett et al., 2007), the extent of sea-ice coverage in Arctic during this warm 
period is controversial, with opinions ranging from a seasonally ice-free Arctic (Robinson, 2009; 
Takahashi et al., 2010) to the existence of perennial sea ice over the central Arctic Ocean during 
the Late Neogene (Backman, et al., 2008; Darby 2008; Krylov et al., 2008). Intensification of 
Northern Hemisphere glaciation (NHG) occurred at ~2.75 Ma (Maslin et al., 1998; Bartoli et al., 
2007). This change is reflected by the onset of obliquity-forced cycles of oxygen isotopic values, 
ice-rafted debris in the North Atlantic, and ice-sheet calving in the North Pacific (Ruddiman and 
Ramyo, 1988; Haug et al., 1999; Ravelo et al., 2004). A number of hypotheses have been 
proposed to explain the intensification of NHG around 3 Ma, including tectonic uplift of the 
Central American Isthmus and closure of the Panamanian seaway (Keigwin, 1982; Haug and 
Tiedemann, 1998), uplif of the Himalayan and Rocky mountains in the Cenozoic (Ruddiman and 
Kutzbach, 1989), loss of El-Niño-like climatic conditions in the Pacific (Philander and Fedorov, 
2003), and the reduction in the concentration of atmospheric CO2 (Lunt et al., 2008). Subtropical 
regions experienced a different cooling pattern than high latitude regions. Change in climatic 
conditions of subtropics occurred in two major steps. The first step of subtropical temperature 
decline occurred at ~2.75 Ma, which has led some to hypothesize that it is causally linked to 
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intensification of NHG (Ravelo et al., 2004). However, the second step of cooling occurred 
between 2.0 to 1.5 Ma, when high-latitude climate was relatively stable.  
 The influence of NHG on the tropical climate is questioned by a range of workers 
(Cronin, 1990, 1991; Krantz, 1990; Dowsett and Poore, 1990, 1991; Dowsett and Loubere, 1992; 
Raymo et al., 1990; Jones and Allmon, 1995; Cronin and Dowsett, 1996; Dowsett et al., 1996; 
Ravelo et al., 2004). Although high and mid-latitudes experienced a temperature decline at ~2.75 
Ma, temporally associated with intensification of NHG, tropical sea-surface temperatures 
remained similar to those of today (Dowsett et al., 1996). On the other hand, climatic 
reorganization in the tropics was attributed to a change in the depth of the thermocline (Wara et 
al., 2005). Today, the thermocline is shallower in the Eastern Equatorial Pacific (EEP) and 
relatively deeper in the Western Equatorial Pacific (WEP), resulting in a west-to-east thermal 
gradient and upwelling of cooler water in EEP. During the early Pliocene, sea-surface 
temperatures (SST) were nearly identical between the EEP and WEP, resulting in relatively weak 
Walker circulation, resulting in an extended interval of El Niño condition (Cane & Molnar 2001; 
Wara et al., 2005; Ravelo et al.2006). SST began to cool in the EEP after 2.5 Ma, and increased 
in the WEP after 1.7 Ma, producing a modern day enhanced east-to-west surface temperature 
gradient of ~4°C between the EEP and WEP (Wara et al., 2005; Salzmann et al., 2011).  
 Regional oceanographic pattern in the Tropical Western Atlantic 
It is hypothesized that the primary reason for changes in oceanographic patterns in the 
Late Neogene Western Atlantic is the rise of the Central American Isthmus (CAI) (Coates et al., 
1992; Allmon et al., 1996, 2001; Cronin and Dowsett, 1996). Although influences of the CAI on 
oceanographic patterns initiated either around the middle or late Miocene (Keller and Barron, 
1983; Keller et al., 1989; Duque-Caro, 1990; Coates et al., 1992; Coates and Obando, 1996; 
Collins et al., 1996; Allmon et al., 2001), circulation between the Pacific and Atlantic was 
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disrupted in two phases in the Late Neogene: deep-water circulation at ~3.6 Myr and most 
surface-water circulation at ~3 Myr (Keigwin, 1978, 1982; Coates et al., 1992; Coates and 
Obando, 1996; Collins et al., 1996). However, some intermittent interchange of shallow waters 
between Atlantic and Pacific was evident until 2.0 Myr (Collins et al., 1996; Cronin and Dowsett, 
1996). Following the rise of the CAI, differentiation of water-mass composition of the Pacific and 
Atlantic resulted in strengthening of the North Atlantic Deep Water (NADW). Although NADW 
formation potentially occurred as early as ~30 Myr (Miller and Tucholke, 1983; Miller and 
Fairbanks, 1985), it intensified after the final closure of surface-water circulation between the 
Pacific and Atlantic oceans at ~2.4 Ma (Maier-Reimer et al., 1990). The demise of the marine 
connection across Central American resulted in further differentiation of the two water masses. 
Compared to the Atlantic, modern Pacific water is generally more nutrient-rich and less saline 
(Woodruff and Savin, 1989; Wright et al., 1991).  
However, more recent studies questioned the timing of closure of the Central American 
Seaways (e.g., Carlos, 2012; Hendry, 2012; Newkirk and Martin, 2012). Based on new evidence 
from terrestrial and marine fossils, thermochronology and geochemical analysis, these studies 
argued that deep and intermediated-water connection between Atlantic and Pacific ceased at 
around 7-10 Ma during the Miocene (Carlos, 2012; Newkirk and Martin, 2012). Although, the 
precise timing of the blockage and persistence of the surface-water connection is unknown, fossil 
evidence shows that frequent migration of terrestrial fauna initiated even at ~10 Ma, indicating a 
much older age than previous reports of ~2 Ma (Carlos, 2012). Based on Nd isotopes of fossil 
fish teeth in the Pacific and Caribbean Basins, Newkirk and Martin (2012) suggested that 
differentiation of water mass composition of Caribbean and Pacific occurred at ~7 Ma. However, 
impact of these recently revised ages on the oceanographic patterns and global climate still needs 
to be explored in greater detail.  
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Nutrient regime in the Tropical Western Atlantic 
Nutrients can be defined as materials that are essential for the structure and functioning of 
organisms (DeAngelis, 1992). In the marine realm, the most important limiting nutrients are 
nitrogen (N), phosphorus (P) and silica (Si), and to a lesser degree iron (Fe), zinc (Zn), copper 
(Cu) and manganese (Mn) (DeAngelis, 1992; Allmon and Ross, 2001). Open-marine and coastal 
environments are mostly N-limited (Ryther and Dunstan, 1971; Smith and Atkinson, 1984; 
Howarth, 1993; Vitousek and Howarth, 1991). The nutrient regimes of the modern Pacific and 
Atlantic are very different. Based on indirect evidence, Allmon et al. (1996) and Allmon (2001) 
proposed that nutrient availability in the Western Atlantic was relatively higher in the Miocene 
and Pliocene due to upwelling and nutrient availability and associated decline in primary 
productivity in the Western Atlantic after the rise of CAI. These indirect lines of evidence 
includes: carbon and oxygen isotopic profiles from molluscan shell (Jones and Allmon, 1995); 
phosphogenesis in the Miocene and early Pliocene Florida (Riggs, 1984); presence of faunas 
favoring high nutrients (e.g. Turritella-rich communities in the late Pliocene Pinecrest Beds of the 
Tamiami Fm. (Allmon et al., 1995)); presence of biogenic silica in the Miocene (Keller and 
Barron, 1983)  
However, more recent studies have raised questions regarding the validity of this 
hypothesis. From isotopic profiles of the bivalve Marcenaria campechensis, Kaspark et al. (2008) 
did not find any evidence of increased upwelling (recorded as concomitant reductions in δ13C and 
enrichments in δ18O) during the Pliocene. In addition, Weinlein et al. (2008) used trace elements 
as a proxy for source of nutrient supply in the Florida Platform, which suggested that increased 
productivity during the Pliocene may be a result of terrigenous nutrient input, rather than marine 
upwelling.  
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Climatic cooling in the Tropical Western Atlantic 
Molluscan faunal turnover of the Tropical Western Atlantic has been attributed to 
temperature decline associated with NHG during the late Pliocene (Stanley and Campbell, 1981; 
Stanley, 1986; Jackson, 1994; Jackson and Budd, 1996; Jackson et al., 1996; Jackson and 
Johnson, 2000). However, the influence of NHG and associated climatic cooling at low latitudes 
is still debated (Shackleton et al., 1984; Dowsett and Poore, 1990; Dowsett and Loubere, 1992; 
Raymo et al., 1990; Anderson and Webb, 1994; Guilderson et al., 1994; Cronin and Dowsett, 
1996; Broecker, 1996). Studies suggest that temperature was already low in the Tropical Western 
Atlantic duirng the middle Pliocene and evidence of further cooling in this region during the late 
Pliocene is debated (Cronin, 1990, 1991; Krantz, 1990; Dowsett and Poore, 1991; Sikes et al., 
1991; Jones and Allmon, 1995; Cronin and Dowsett, 1996; Dowsett et al., 1996; Allmon, 2001). 
Although, timing of faunal turnover in the tropical Western Atlantic (Woodring, 1966; Stanley, 
1986; Vermeij, 1987; Petuch, 1995; Budd and Johnson, 1999; Johnson et al., 2007) coincides 
with the timing of increased NHG (Cronin, 1990; Sikes et al., 1991; Ravelo et al., 2004), Allmon 
et al. (1996, 2001) argued that potential evidences of climatic cooling and associated biotic 
response, such as decline in reef corals and increased extinction of thermophilic taxa, are 
ambiguous at best.  
Stratigraphic framework of the Late Neogene South Florida 
 Four different Late Neogene formations – the Tamiami, Caloosahatchee, Bermont and Ft. 
Thompson Fm. – are exposed in South Florida, all of which represent inner-shelf to outer-bay 
facies (Petuch, 1982; DuBar et al., 1991; Willard et al., 1993; Missimer, 2001). Figure 1 shows 
the stratigraphic sequence of these units accompanied by their proposed ages. However, these 
ages and stratigraphic relationships between the various Plio-Pleistocene formations in Florida 
are still poorly understood and remain controversial due to the limits in acquiring numerical ages 
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to better constrain their chronostratigraphic ranges, along with poorly constrained stratigraphic 
continuity (e.g., Lyons, 1991). Furthermore, an additional complication is that from a 
lithostratigraphic perspective there is little difference between any of the units (Lyons, 1991; 
Scott, 1997); they are all dominated by molluscan shell material within a sandy matrix. Only 
biostratigraphic criteria can be used to separate these Late Neogene units (Lyons, 1991; Petuch, 
1994, 2004 and references therein). Due to these issues, various researchers have proposed 
different relationships between the Tamami and Pinecrest Beds of Pliocene age (Mansfield, 1939; 
Olsson, 1964; Hunter, 1968; Brooks, 1974; DuBar, 1974; Petuch, 1982; Vokes, 1988). In the 
present study, I will follow Lyons’s (1991) approach and use the designation “Tamiami 
Formation” to refer to the late Pliocene deposits in Florida, which would include the Pinecrest 
Beds, the uppermost unit of this formation. Although the chronology is poorly constrained, these 
beds are thought to range from 3.5 to 2.8 Ma. The stratigraphic nomenclature follows Petuch 
(1982, 1986, 2004), with modifications from Vermeij (2005). Petuch (1982) subdivided the 
Upper Tamiami into upper (beds 2 to 4 at Sarasota, Fruitville Member) and lower units (beds 5 to 
9 at Sarasota, Pinecrest Member). However, due to the high faunal similarity between these two 
units, the entire Pinecrest is combined into a single unit, following previous authors (e.g., Allmon 
et al., 1993; Roopnarine and Beussink; 1999; Dietl, 2003; Dietl et al., 2004). 
 The age of the Caloosahatchee is tentatively placed between 2.5-1.8 Ma (Bender, 1972, 
1973). The age of the Bermont remains problematic, and the unit has been placed in the 
Pleistocene by most workers (Vokes, 1963; Taylor, 1966; Walker, 1969; Hoerle, 1970; DuBar, 
1974; Blackwelder, 1981). The most recent evidence from mammalian biochronology and 
strontium isotope chronology suggest an early Pleistocene age (1.8-1.1 Ma) for this unit (Hulbert 
and Morgan, 1988; Webb et al., 1989). The Ft. Thompson is assigned to the upper Pleistocene 
(Lyons, 1991). Webb et al. (1989) suggested an age of 0.95-0.22 Ma for the Ft. Thompson based 
on 
87
Sr/
86
Sr isotope data. However, at least one study (Tiling, 2004) has assigned an age of 0.13 
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Ma to the uppermost bed in this unit based on a coral-derived Pb-series date. Bulk samples, 
collected from these stratigraphic units are used for present studies to evaluate the interaction 
between these above-mentioned environmental changes and molluscan turnover during the Late 
Neogene. 
 A further issue with the stratigraphic units investigated here is that the sedimentation 
within them likely represents only the transgressive ‘toes’ associated with the Milankovitch-
frequency eustatic fluctionations that dominate this interval. At a number of localities, these units 
can be readily subdivided into distinct beds. For example, at the Longan Lake locality, the 
Bermont can be subdivided into six individual units, representing similar cyclic repetition of three 
different units that reflect cycles of flooding culminating in a karstified surface indication of 
subaerial exposure (Knorr, 2006). These cycles, and more subtle ones contained in numerous 
other outcrops, suggest some potential additional issues associated with the completeness of the 
individual units above and beyond simply trying to delimit the chronostratigraphy of the Late 
Neogene record. Firstly, whether the highstands are regularly captured is unknow nor what 
degree of time averaging is represented in an individual bed. Secondly, due to the lack of fine 
scale temporal resolution these individual beds cannot be correlated spatially beyond a given 
quarry where the beds can be walkted out. Therefore, it can be argued that these formations, at 
best, represent discrete Late Neogene time planes or ‘snap shots’, separated by considerable but 
presently unknown length of gaps between both the beds comprising a given unit as well as 
between the units themselves. 
Chapter outline 
 The first aim of the present investigation is to define the magnitude of the Plio-
Pleistocene diversity crisis. Although previous studies present lists of taxa or richness values from 
each formation, other studies suggest that the relative abundance distributions of taxa can 
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potentially influence the number of observed taxa in any paleontological or modern collection. 
Therefore, relative abundance distribution data from bulk samples from Late Neogene formations 
of Florida were used in the present study. In the first part of this study, two different sample 
standardization protocols, rarefaction and shareholder quorum subsampling were employed to 
account for variable sampling intensity and to allow for comparison of bivalve diversity across 
these Late Neogene formations. In agreement with some of the previous studies, the results 
obtained suggest that the major pulse of diversity decline occurred at the Plio-Pleistocene 
transition. However, the magnitude of reduction of diversity varies from that previously reported. 
Moreover, this diversity decline was also associated with a pronounced change in faunal 
composition, which cannot be explained by the previously proposed causal factors.  
 In the second part of this study, the relationship between abundance and survivorship of 
marine gastropods during the Late Neogene extinction events is investigated. Although 
extinctions result in a biodiversity reduction, all taxa are not equally vulnerable to extinction. 
Understanding organismal characteristics that promote survivorship during extinction events can 
be a critical element of both deciphering the selectivity of past events and lend insight useful in 
modern conservation efforts. Along with a number of other ecological traits, population size or 
abundance is argued to be one of the primary predictor of extinction risk in biological and/or 
ecological studies. However, the predicted inverse relation between abundance and extinction risk 
has received mixed support from paleontological studies of past extinction events in the fossil 
record. Following the biological expectation, results indicate that more common taxa are more 
likely to survive during the extinction pulse between the Tamiami and Caloosahatchee formations 
and between the Caloosahatchee and Bermont formations, even after controlling for geographic 
range and feeding mode. In addition, contrary to suggestions of previous studies, the choice of 
statistical methods does not influence the outcome in this case.  
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Finally, the impact of the Late Neogene faunal turnover on gastropod drilling predation, a 
specific form of ecological interaction, is investigated. Firstly, identification of gastropod 
predators from the morphology of their drill hole traces is an important step in testing the 
disruptive effects of prey evolution on the prey-size selectivity behaviors of predators. For Late 
Neogene drilling predators from Florida, temporal patterns of prey-size selectivity differ 
depending on whether drill holes were produced by naticid and muricid gastropods. When drill 
holes are identified using revised experimental criteria developed specifically for this predator-
prey system, naticid and muricid prey-size selectivity responds in different directions and at 
different times, but both groups exhibit signs of change in prey-size selectivity beginning around 
2.5 Ma. These results do not support previous conclusions that changes in drilling gastropod prey 
handling behaviors were driven by changes in prey morphology associated with a species 
turnover event at 1.8 Ma. Prey density, threats from enemies, and habitat structure were also 
changing during the study interval, but none of these factors alone provides a complete 
explanation for observed changes in predator behaviors. Therefore, it is likely that multiple 
factors drove predator behavioral change, and different genera of gastropod predators have 
varying sensitivities to these factors. 
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Figures 
 
Figure 1. Schematic stratigraphic chart of the Late Neogene formations in South Florida. The 
numbers are in Ma. 
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CHAPTER 2: DECLINE IN THE MARINE BIVALVE DIVERSITY OF FLORIDA 
DURING THE LATE NEOGENE 
 
 
Introduction 
 The tropical Western Atlantic experienced a spectrum of well-documented environmental 
changes in the Late Neogene. These include changes in: nutrient availability and in primary 
productivity (Vermeij and Petuch, 1986; Jackson et al., 1993; Allmon et al., 1993, 1996; Jones 
and Allmon, 1995; Collins et al., 1996; Roopnarine, 1996; Allmon, 2001; Jackson and Johnson, 
2000; Anderson, 2001; Todd et al., 2002), the overall temperature regime associated with the 
onset of Northern Hemisphere Glaciation (Stanley, 1986; Jackson, 1994; Jackson and Budd, 
1996; Jackson and Johnson, 2000), the variation of seasonal temperature (Jackson, 1994; Roulier 
and Quinn, 1995; Cronin and Dowsett, 1996; Roopnarine, 1996; Teranes et al., 1996), sea level 
and in the nature of Milankovitch forcing (Getty et al., 2001), as well as predation intensity 
(Vermeij and Petuch, 1986; Vermeij, 2005). Although these studies present a platform to 
investigate the influence of environmental changes on marine biota, there is still controversy over 
the causal relationships between environmental changes and biotic responses to this variability in 
the Late Neogene Western Atlantic marine fauna. 
 One of the primary sources of the debate regarding the relative importance of different 
environmental factors revolves around the pattern and magnitude of changes in biodiversity. For 
instance, while some studies suggest a large-scale diversity decline (or extinction) in Western 
Atlantic as compared to Eastern Pacific molluscs (Woodring, 1966; Vermeij and Petuch, 1986; 
Stanley, 1986; Vermeij, 1987; Petuch, 1995; Roopnarine, 1996), other studies argued that this 
diversity decline was matched by speciation and/or invasion, resulting in a faunal turnover with 
no diversity decline (Allmon et al., 1993; Jackson et al., 1993; Vermeij and Rosenberg, 1994; 
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Allmon et al., 1996; Jackson et al. 1999). For instance, Allmon et al. (1993) argued that between 
the late Pliocene Tamiami and the early Pleistocene Caloosahatchee formations, marine 
gastropods experienced nearly 62.4% species extinction, and this extinction intensity was 
matched by 55.2% origination (Allmon and Ross, 2001). In addition, timing of biotic turnover in 
Florida is also an additional element of contention (Stanley, 1986; Allmon et al., 1993; Petuch, 
1995; Herbert et al., 2010).  
 In this study, I examine a dataset, which includes both richness and abundance data from 
bulk samples, to delve further into this debate by examining temporal changes in bivalve diversity 
across the Late Neogene units of Florida. While most of those above-mentioned studies include 
only richness values in the form of lists of the Late Neogene taxa present in the units, a number of 
ecological and paleontological studies suggest that sampling intensity can influence the number 
of observed taxa in any sample and that it is important to standardize sampling efforts in order to 
investigate temporal patterns of biodiversity (Saunders, 1968; Raup, 1975; Alroy et al. 2008; 
Colwell et al., 2012). In the present study, two standardization protocols, individual-based 
rarefaction (Gotelli and Colwell, 2001) and Shareholder Quorum Sabsampling (Alroy, 2010a, 
2010b), are used along with sample evenness values to document temporal pattern of bivalve 
diversity of the Late Neogene Florida. In addition, the underlying abundance distribution or 
evenness can also influence the number of observed taxa in any bulk sample (Powell and 
Kowalewski, 2002; Patzkowsky and Holland, 2012). Based on sampling standardization protocol, 
this study test the hypothesis that marine bivalve diversity of Florida declined during the Late 
Neogene and this decline in diversity was accompanied by reduction in both richness and 
evenness.   
Materials and Methods 
 The Late Neogene formations in Florida include the Tamiami, Caloosahatchee, Bermont 
and the Ft. Thompson formations (see Figure 1.1 in the previous chapter). In total, 12 bulk 
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samples were collected from the Tamiami formations, five from the Caloosahatchee formation, 
10 from the Bermont formation and eight from the Ft. Thompson formation. These 35 bulk 
samples were wet sieved using 5-mm mesh, all the macroinvertebrates and occasional vertebrates 
(generally shark teeth) were handpicked, and bivalves and gastropods were identified to at least 
genus level. This study is focused solely on a subset of these data: the bivalves. In total, the bulk 
samples include a total of 34,626 individual bivalves, representing 152 genera. 
As bivalves consist of right and left valves, which in most cases are disarticulated, a 
conservative approach to abundance is applied. As the collected specimens include both 
articulated and disarticulated valves, the number of individuals (N) used as the measure of 
abundance is determined as: 
                         (1) 
where, nRV = number of right valves, nLV = number of left valves, nArt = number of articulated 
individuals (see Kowalewski 2002). Table 2.1 provides the complete list of the number of 
specimens and associated number of genera for each bulk sample, the so-called ‘raw genus 
richness’. 
 Raw genus richness 
The fundamental methodology to describe a community and diversity (across any spatial 
scale) is to document species/genus richness (Magurran, 1988).  The ‘raw genus richness’ 
represents the most direct way of calculating genus richness as it is simply the count of genera 
present in an individual sample. However, estimates of richness can be biased in two different 
ways. First, the number of species/genera recovered from bulk samples is dependent upon both 
the samples volume and the number of collected specimens. To test for the presence of any such 
bias in the ‘raw richness’ values in Table 2.1, the correlation between ‘raw richness’ and number 
of specimens in each sample was investigated (Fig. 2.1). When all 35 bulk samples are considered 
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together, there is a statistically significant correlation between sample size and ‘raw richness’ 
(Pearson’s correlation coefficient, r = 0.52, p <0.01). Therefore, there is a possibility that the raw 
richness estimate, as seen in a range of previous studies (e.g., Raup, 1975; Alroy et al., 2008), 
may also be influenced by the number of specimens.  
 Rarefaction 
 To account for this bias, I used the individual-based rarefaction method without 
replacement that standardizes genus richness with respect to specimen number (Saunders, 1968; 
Hulbert, 1971; Heck et al., 1975; Raup, 1975; Gotelli and Colwell, 2001; Bulinski, 2007; Jost, 
2010; Colwell et al., 2012). Individual-based rarefaction can be summarized as E(n) of a sample 
size of n individuals, 
            
       
    
      (2) 
where, S = species richness, N = total number of individuals in sample, and Ni = number of 
individuals of i
th
 species. This standardization protocol enables the comparison of genus richness 
at a specific specimen number (n) across all four Late Neogene units. In the case of sample-level 
analysis, where I separately treated different samples within a formation, each sample was 
rarified to n = 100 and included all of the bulk samples. Non-parametric Mann-Whitney and 
Kruskal-Wallis (α=0.05) are used to compare between two or more stratigraphic units. When 
different samples from a unit are pooled together to form an aggregate sample of that formation, n 
= 4000 was used as the standardized abundance. To compare between pooled rarefaction results 
between formations, 95% confidence interval was used around the rarefied richness value. Payton 
et al. (2003) argued that if two 95% confidence intervals do not overlap, then they are 
significantly different at the probability value of 0.01, which is generally too conservative a cutoff 
in practice because it involves high Type I error rates. Non-overlap of two 84% confidence 
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intervals, however, corresponds to significant differences at the probability value of 0.05 (Payton 
et al., 2003). Unfortunately, at present no statistical software provides 84% confidence interval 
with rarefaction. For this reason, the standard 95% confidence interval was used to compare 
rarefied richness among formations. Sometimes, rarefied richness curves between different 
samples or formations can cut through each other depending on the underlying abundance 
distributions and therefore, richness difference between samples are dependent on the cut-off 
value of number of individuals (Alroy 2010a). Although, most palontological samples are smaller 
in number of individuals and can contain only a portion of actual richness, in our case, each of the 
consequtive formation pairs is non-overlappping (see Results) and therefore, it is not difficult to 
interpret temporal trend of rarefied richness across the Late Neogene formations.  
 Shareholder Quorum Subsampling (SQS) 
 An alternative to the rarefaction approach is the Shareholder Quorum Subsampling (SQS; 
Alroy, 2010a), which has attracted considerable attention in recent studies (Alroy, 2010a,b,c ; 
Smith and McGowan, 2011; Lloyd et al., 2012a,b; Mannion et al., 2011; Payne & Clapham, 
2012; Clapham and Karr, 2012; Cermeño et al., 2013). Unlike rarefaction methods, where 
richness is standardized at a uniform number of individuals, SQS calculates the number of taxa at 
a fixed ‘coverage’ of the underlying abundance distribution (Alroy, 2010a, b). Every taxa has its 
own relative frequency and ‘coverage’ is the sum of frequencies of all taxa present in a sample. 
However, practically 100% coverage within a sample of any community and the true underlying 
frequencies are almost always unknown. Therefore, if a taxon has a 0.1 frequency in a sample, it 
most likely represents/covers less than this amount in the entire ‘true’ distribution. To compensate 
for the problem of overestimating frequencies in a finite dataset, SQS uses Good’s formula for 
coverage (u):  
     
  
 
 (3) 
25 
 
where, O = the number of observations (here, specimens), and n1 = the number of singletons 
(number of taxa represented by one individual). Using this formula, ‘coverage’ for each sample 
can be estimated individually. To compare between formations, a fixed amount of coverage is 
determined and subsampling is done until that specified coverage is satisfied. For example, the 
‘APAC Bed 2, #15’ sample represents a total of 153 specimens (Table 2.1) and 14 singletons 
(Appendix). Following Good’s formula and using the total specimen count and number of 
singletons, coverage of this sample is estimated at ~0.91 (actually, 0.908497). In a similar way, 
the ‘APAC Bed 2, #17’ sample has a coverage of ~0.92. Now, if a ‘quorum’ of 0.9 is chosen to 
compare between these two samples that means it will be subsampled until it has ‘covered’ 90% 
of our distributions. Figure 2.2 presents the frequency distribution of coverage in bulk samples of 
the Late Neogene units. For most of these samples, the coverage or sum of frequencies is greater 
than 0.90, with the exception of two bulk samples from the Tamiami formation. This value, 0.90, 
was set as a cut-off to include samples to be included in the subsampled richness. SQS routines 
are performed using the SQS macro (http://www.nceas.ucsb.edu/~alroy/SQS-3-3.R) in the R 
platform (R Development Core Team, 2012).    
 Evenness 
 The second bias that can influence estimation of raw richness is the degree of uniformity 
of the distribution of individuals among taxa generally termed evenness (Hulbert, 1971; 
Olszewski, 2004). With a specific subsampling method, two communities with different evenness 
will reveal different subsampled richness even if their ‘raw richness’ is similar (Hulbert, 1971; 
Peters, 2004, 2006). When two samples with identical richness but different evenness are 
compared, relatively more even assemblages will yield higher subsampled richness than relatively 
low evenness assemblages. A number of metrics have been proposed to quantify evenness 
(Gotelli and Graves, 1996; Smith and Wilson 1996; Hayek and Buzas, 1997; Peters, 2004; 
Olszewski, 2004; Magurran, 2004), but the most widely used metric is Hulbert’s Probability of 
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Interspecific Encounter (PIE), which estimates the probability of two randomly sampled 
individuals from an assemblage belonging to different taxa (Hulbert, 1971). Hulbert’s PIE is 
preferred over other evenness metrics, such as Pielou’s J, because it is relatively insensitive to the 
number of sampled taxa, and thus, to sample size (Gotelli and Graves, 1996; Hayek and Buzas, 
1997; Bulinski, 2007). It is calculated using the following equation: 
      
 
   
      
 
     (4) 
 where N = total number of individuals in sample, pi = the proportion of individuals within 
species i, and S = number of species in sample 
 Diversity Index 
 In addition to independent changes in richness and evenness, the change in overall 
bivalve diversity was documented, as measured by the change in Shannon’s diversity index or 
Shannon’s H (Hill, 1973). Shannon’s H includes influences of evenness and underlying 
abundance distribution of taxa and incorporates all aspect of diversity into a single value (Hayek 
and Buzas, 1997; Olszewski, 2004). Shannon’s diversity index is calculated as:  
        
 
         (5) 
where, pi = the proportion of individuals of species i, S = number of species in a sample.  
Results 
 Table 2.2 provides the values of estimated diversity, rarefied richness, subsampled 
richness and evenness values for the bulk samples collected from the various units investigated.  
In addition to these sample-level analyses, it also displays the pooled and mean values of these 
metrics for each of the four units analyzed.   
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 Raw richness 
When pair-wise comparisons are made between two consecutive formations, bivalve 
genus richness did not change significantly between the Tamiami and Caloosahatchee (Mann-
Whitney U-test, U = 0.72, p = 0.40), the Caloosahatchee and Bermont (U = 0.09, p = 0.76), and 
the Bermont and Ft. Thompson (U = 2.42, p = 0.12). However, genus richness in the Ft. 
Thompson is significantly lower than the Tamiami (U = 6.70, p = 0.01) and non-significant, but 
lower than the Caloosahatchee (U = 3.36, p = 0.07), indicating an apparent long-term decline in 
genus richness from the Tamiami to the Ft. Thompson (Fig. 2.3).  
 Shannon’s H 
 Richness, however, can be biased with respect to sample size and there is a positive 
correlation between genus richness and sample size in case of the present bulk samples (see 
Methods above). Therefore, genus richness in and of itself may not be the best metric to assess 
the change in marine bivalve diversity. To account for differing sample sizes, Shannon’s H, 
which estimates diversity of a sample, independent of specimen count, was used (Fig. 2.4). 
Shannon’s H declined significantly from the Tamiami to the Caloosahatchee (U = 10.00, p 
<0.01). This measure of diversity did not change significantly between the Caloosahatchee and 
Bermont (U = 1.22, p = 0.27). However, there is an apparent and marginally significant decline 
in diversity in the Ft. Thompson (U = 3.82, p = 0.05). When examined from a broader temporal 
perspective, diversity of the Tamiami is significantly higher than the Bermont (U = 5.95, p = 
0.01) and the Ft. Thompson (U = 13.71, p <0.01). These results suggest that the long-term 
decline in bivalve genus richness is also reflected in the decline in Shannon’s H.  
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 Rarefaction 
 Although Shannon’s H represents diversity independent of sample size, it does not 
analyze the change in richness with respect to sample size. To compensate for the potential that 
sample size may bias richness, rarefaction that provides a running total of richness value with 
respect to specimen count was also calculated (Sanders, 1968). This metric is used in two 
different ways to assess the change in bivalve diversity: (1) with pooled data, where all individual 
bulk samples from a stratigraphic unit are pooled together to get an aggregate sample of that 
formation (Figs. 2.5 and 2.6); and (2) with individual sample data where we can estimate the 
variation within each formation (Fig. 2.7).   
 Figure 2.5 shows that when pooled data is considered to evaluate change in richness with 
respect to abundance, a decline in diversity is clearly evident in the Caloosahatchee. There is an 
increase in rarefied bivalve genus-level diversity in the Bermont, followed by another decline in 
the Ft. Thompson. To test for statistical significance of these changes in bivalve diversity, the 
rarefied richness value and 95% confidence interval were compared at three different levels of 
abundance: 1000, 2000 and 4000 (Fig. 2.6). Figure 2.6 shows that although the absolute numbers 
and magnitude of differences vary at different sampling intensities, there is absolutely no overlap 
of confidence intervals between the Tamiami and Caloosahatchee at any abundance level, 
indicating a statistically significant (at α = 0.01) decline of rarefied diversity between these two 
units. Similarly, statistical significance of the difference between the Bermont and Ft. Thompson 
formation is not influenced by sampling intensity, indicating another significant decline of 
bivalve genus-level diversity at the Ft. Thompson. However, the degree of overlap between 
confidence intervals of the Caloosahatchee and Bermont formations is dependent on the sampling 
intensity, suggesting that the apparent increase in the Bermont formation is not statistically 
significant at α = 0.01.  
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 To examine the variation among all samples within a given stratigraphic unit, each 
sample was rarefied at 100 specimens (Fig. 2.7). Single-sample rarefaction analysis also shows 
that there was a significant decline of rarefied richness from the Tamiami to the Caloosahatchee 
(U = 9.68, p <0.01).  However, unlike the pattern in Figure 1.5, sample-level rarefied richness 
did not increase in the Bermont as compared to the Caloosahatchee (p = 0.95) and rarefied 
richness values of the Bermont samples are not significantly different from the Ft. Thompson 
samples (U = 3.16, p = 0.08). When the Tamiami formation was compared with other 
formations, there is always a significant longer-term decline in bivalve rarefied richness (p 
<0.01).  
 Shareholder Quorum Subsampling 
 Shareholder Quorum Subsampling (SQS) exhibits a similar pattern to the sample-level 
rarefied richness (Fig. 2.8). Given a fixed coverage of 0.90, subsampled genus richness declined 
significantly from the Tamiami to the Caloosahatchee (U = 9.38, p <0.01). Genus richness did 
not change significantly between the Caloosahatchee and the Bermont (U = 0.02, p = 0.90), and 
the Bermont and the Ft. Thompson (U = 3.48, p = 0.06). When compared with the Tamiami, 
subsampled richness is significantly lower in the case of both the Bermont (U = 7.00 p = 0.01) 
and Ft. Thompson (U = 12.63, p <0.01). 
 Evenness 
 Both rarefaction and SQS methods are dependent on the underlying abundance 
distribution. To assess change in underlying abundance pattern, independent of richness, changes 
in evenness across the Late Neogene (Fig. 2.9) were investigated. Hulbert’s PIE declined 
statistically significantly from the Tamiami to the Caloosahatchee (U = 9.34, p <0.01) and 
marginally significantly from the Bermont to the Ft. Thompson (U = 3.82, p = 0.05). Evenness 
did not change significantly between the Caloosahatchee and the Bermont (U = 1.22, p = 0.27). 
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These results suggest that the decline in richness across the Late Neogene units is associated with 
a reduction in evenness.   
Discussion 
 Temporal trends in diversity 
In the present study, the temporal pattern of marine bivalve diversity based on bulk 
samples collected from the Late Neogene of Florida were investigated. Results suggest that 
through the sampled units, the dynamics of changes in bivalve diversity is more complex than 
previously documented. Variation in sampling intensity can bias the difference between the 
number of observed taxa among multiple communities and, therefore, richness values of different 
assemblages need to be standardized with respect to number of specimens (Saunders, 1968; 
Hulbert, 1971; Heck et al., 1975; Raup, 1975; Miller and Foote, 1996; Alroy 1996, 2010a, 2010b; 
Gotelli and Colwell, 2001; Alroy et al. 2008; Colwell et al., 2012). When varying sampling 
intensities are taken into account, the largest decline in bivalve diversity occurred between the 
Tamiami and the Caloosahatchee (Fig. 2.6). Between the Caloosahatchee and Bermont, although 
there is an increase in the diversity, statistical significance of this change is dependent on the 
number of examined specimen number of standardization cut-off (Fig. 2.6). There is an additional 
statistically significant decline in bivalve genus diversity in the Ft. Thompson. Subsampled 
richness, where richness values are standardized with respect to coverage, instead of specimen 
number and estimated by the SQS protocol (Alroy 2010a,b), displays a similar temporal trend to 
that documented using other approaches; this approach also documents that the largest diversity 
decline occurred between the Tamiami and the Caloosahatchee (Table 2.3).  In summary, these 
results indicate that independent of the estimation methods, marine bivalve diversity declined 
during the Late Neogene with the most significantly phase occurring between the Tamiami and 
Caloosahatchee (see Fig. 1.1).  
31 
 
 Diversity partitioning 
Diversity, both in the fossil record and in modern environments, is a hierarchical 
parameter which can be investigated at a number of spatial and temporal scales, from smaller 
samples/collections to regional/global to stage/interval levels (Whittaker, 1960, 1972, 1977; 
Bombach, 1977; Sepkoski, 1988; Whittaker et al., 2001; Powell and Kowalewski, 2002; Bush 
and Bombach, 2004; Olszewski, 2004, Ricklefs, 2004, 2008; Kowalewski et al., 2006; Holland, 
2010; Patzkowsky and Holland, 2012). Taking this hierarchical viewpoint, the Late Neogene 
diversity can be partitioned into two different spatiotemporal scales: (1) finer-scale sample level 
or alpha diversity, where diversity of each bulk samples are estimated individually, and (2) 
coarser gamma levels, where diversity is estimated from the aggregate/pooled data from several 
bulk samples collected within a stratigraphic unit.  Present results suggest that both gamma (Fig. 
2.5) and alpha diversity (Fig. 2.7) declined significantly between the Tamiami and 
Caloosahatchee (Table 2.3). However, the change in bivalve diversity between the 
Caloosahatchee and Bermont is scale-dependent. Although there is a significant increase in 
gamma diversity at relatively higher specimen number (Fig. 2.6), alpha diversity remains 
relatively consistent (p = 0.95). Similarly, the apparent decline of pooled/gamma diversity in the 
Ft. Thompson (Fig. 2.5) is not supported statistically at the sample-level of analysis (p = 0.08). 
To more effectively delve into the discrepancy between alpha and gamma diversity trends, the 
similarity between bulk samples within each formation was examined. The similarity index, such 
as the Jaccard coefficient, measures the proportion of shared taxa between any two samples and 
can be used as a measure of beta diversity (Whittaker, 1960; Patzkowsky and Holland, 2012). 
Figure 2.10, that shows the distribution of Jaccard coefficients between each pair of samples 
within each formation, suggest that although there is no significant difference between Jaccard 
coefficients across the Late Neogene units (Kruskal-Wallis test, p = 0.27), the Bermont samples 
are apparently more variable relative to each other than any other formation. This suggests that 
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increased variability in the Jaccard coefficient reflects greater heterogeneity among bulk samples 
in the Bermont as compared to the other units examined. Furthermore, that variability played a 
pivotal role in the increase in gamma diversity (Fig. 2.5), even if the alpha diversity remains 
nearly similar to that of the underlying Caloosahatchee and the overlying Ft. Thompson (Fig. 2.7 
and Table 2.3). One possible explanation of this increased heterogeneity among the Bermont 
samples may be that sampling ranged over a greater variability of paleoenvironments in that unit. 
Although presently any environmental data (such as depth) is lacking, taxonomic composition of 
communities can be used to perform a preliminary test of this hypothesis. When taxonomic 
composition and relative abundance data are used to document distributions of samples in a 
multidimensional space, Detrended Correspondence Analysis (DCA) results corroborate the 
prediction. Variations within bulk samples are largest in case of the Bermont formation, 
documented by the spread of 95% confidence ellipse in Figure 2.11. Additional 
ecological/environmental variables are required to further test this hypothesis.  
 Taphonomy 
Taphonomy can potentially play a major role as a control on the diversity change through 
complete or partial removal of taxa with lower preservation potential, such as groups with thinner 
shells (Kidwell and Flessa, 1995; Kidwell, 2001, 2002). A number of lines of evidence suggest 
that although most of the bulk samples represent time averaged units with a certain degree of 
reworking, the magnitude of taphonomic overprinting likely does not play a significant role in 
driving the observed diversity trend. Firstly, the specimens found in the bulk samples from all 
units examined represent taphonomic grade two or three of Flessa et al. (1993), in as much as 
both juvenile and adult individuals are present, exterior sculpture even of extremely delicate 
ornamentation is, for the most part, unaltered, and even the abundant fragments are generally well 
preserved. Secondly, if taphonomy is the driving cause of the observed diversity patterns, then we 
would expect to see the largest increase of taphonomic imprint in the Caloosahatchee, as the 
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decline in richness value occurs in the Caloosahatchee. The percentage of broken Chione valves 
was used as a crude proxy for taphonomic overprinting from a subset of bulk samples. Results 
suggest that the percentage of broken valves in the Tamiami (4.57%, 63 out of a total of 351) is 
not statistically significantly different (ᵡ2 <0.00, p = 0.98) than that of the Caloosahatchee samples 
(4.55%, 1933 out of a total of 10734). These results, contrary to the expectation of increasing 
taphonomic overprinting from the Tamiami to the Caloosahatchee, suggest that taphonomy does 
not exert a substantial overprinting on the documented diversity decline in the Caloosahatchee. 
Thirdly, even though present samples are most likely time-averaged (for example, McKnight et 
al. (2008) documented evidence of substantial time averaging in modern surfacial deposits of 
Chione found on the West Florida Shelf and these Neogene deposits are likely formed by 
concentrating similar material), time averaging may be a likely process to form assemblages such 
as these in the fossil record, reducing the degree of seasonal variation and containing more rare 
taxa to provide a relatively complete suite of taxa (Kidwell and Flessa, 1995; Kowalewski et al., 
1998; Kidwell, 2001, 2002). Fourthly, Tomasovych and Kidwell (2010) suggested that if time 
averaging is the main driver of changes in alpha diversity, it should be associated with changes in 
turnover diversity. In the present case, however, alpha diversity declines drastically (Fig. 2.7) 
without any significant change in beta diversity or similarity between samples (Fig. 2.10) during 
the Late Neogene. Considering all these lines of indirect evidence, taphonomy alone cannot 
explain the observed diversity trend during the Late Neogene.  
 Changes in evenness 
 Although standardization methods account for the variation in sampling intensity 
between samples, these methods do not account for the difference in evenness between different 
samples (Peters, 2006). To understand the temporal trend in evenness, Hulbert’s PIE was 
measured at two different scales: at the sample and formation levels. Both of these spatiotemporal 
scales suggest that there was a long-term decline in evenness of bivalve assemblages throughout 
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the Late Neogene, with the most significant reduction occurring across the Tamiami-
Caloosahatchee transition (Table 2.3 and Fig. 2.9), similar to the previously discussed richness 
(rarefied and subsampled) trends. This simultaneous decline in both evenness and richness is also 
expressed in the temporal trend of Shannon’s H diversity index (Fig. 2.4).  
 Richness and evenness are strongly correlated in the bulk samples examined here (r = 
0.85, p <0.01). This may lead to the question whether the observed temporal trend of richness 
across the Late Neogene is just an artifact of variation in evenness values.  Peters (2006) used a 
multiple linear regression model to conclude that the richness of marine benthic community 
increased from the Cambrian to Ordovician, independent of evenness. This model is based on the 
assumption of independence between evenness and richness of any community (Peters, 2006). 
However, a positive correlation between diversity and evenness, i.e., communities with higher 
evenness tend to contain a higher number of taxa, has been suggested for both modern 
ecosystems (Stevens and Willing, 2000) and fossil studies (Powell and Kowalewski, 2002). Also, 
Olszewski (2004) showed that evenness is an integral part of richness estimation. Slope of the 
steepest part of the rising limb of a rarefaction curve is equal to the evenness value, measured as 
Hulbert’s PIE, of any community (Olszewski, 2004). Therefore, for the present study, although 
the observed decline in bivalve richness during the Late Neogene was associated with reduction 
in evenness, it will be difficult to separate influences of these two ecosystem parameters, 
specifically in the fossil record (but see Balseiro and Waisfeld, 2013). 
 Changes in community composition  
 While a number of environmental or taphonomic factors may lead to a change in 
evenness of any community, another potential source can be change in community composition 
(Peters, 2004). A number of community properties of, such as guild structure, competition, can 
play important roles in influencing evenness (Cotgreave and Harvey, 1992; Stevens and Willig, 
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2000; Peters, 2004; Hillebrand et al., 2008; McKie et al,. 2008). In the present study, community 
composition and underlying abundance structure was used to identify possible sources of change 
in evenness during the Late Neogene.  
 Change in abundance structure is also readily evident when frequency distribution of 
genus abundance is plotted across the units studied (Fig. 2.12).  For example, when the 
abundance structures of the Tamiami (Fig. 2.12A) and Bermont (Fig. 2.12C) are compared, the 
number of taxa in the lowest bin (0-50) is very similar, but the relative difference between the 
most abundant and other genera drastically increased after the Tamiami. Figure 2.12 depicts that 
the reduction in evenness can be linked to a substantial increase in the abundance of one or two of 
the most-common genera. For a visual representation of this change, the cumulative proportion of 
the 10 most abundant genera in each formation was plotted (Fig. 2.13). In the Tamiami, these taxa 
represent 68.9% of the total abundance, whereas 89.3% of total abundance comes this subset of 
taxa in the Caloosahatchee. In the cases of the Bermont and Ft. Thompson, this contribution is 
85.6% and 93.6%, respectively. Along with other analyses of diversity and evenness, Figure 2.13 
shows that there was a marked difference in the assemblage structure at the transition from the 
Tamiami to the Caloosahatchee. In terms of the bivalve component, the most abundant genus in 
post-Tamiami communities is Chione. The dark-grey shaded area in Figure 2.13 indicates the 
relative contribution of Chione in each of the four Late Neogene units. The relative proportion of 
Chione increased from only 6.1% in the Tamiami to 55.6% in the Caloosahatchee, followed by 
47.6% in the Bermont and ultimately to 35.0% in the Ft. Thompson. At the sample-level, relative 
abundance of Chione in the Tamiami is statistically lower than that of the Caloosahatchee (U = 
10.00, p <0.01), Bermont (U = 7.31, p = 0.01), Ft. Thompson (U = 11.52, p <0.01) formations 
(Fig. 2.14). However, the relative abundance of Chione did not vary significantly among the 
Caloosahatchee, Bermont and Ft. Thompson (for all, p>0.20). These results suggest that the 
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change in relative abundance of Chione may be partially responsible for the change in marine 
bivalve diversity, in terms of both richness and evenness.   
 Timing of extinction 
The present results suggest that a major phase of bivalve diversity decline occurred 
between the late Pliocene Tamiami and the early Pleistocene Caloosahatchee formation, at ~2.5 
Ma. Based on survivorship of the early Pliocene bivalve species, Stanley (1986) suggested that 
the Late Neogene extinction event initiated after the Pliocene and ended before middle 
Pleistocene time. Nearly 65% of the Pliocene bivalve species went extinct during this time 
interval (Stanley, 1986). Allmon et al. (1993) documented nearly 62% extinction of gastropod 
species between the Tamiami and Caloosahatchee. Petuch (1995), who examined diversity of 
eight gastropod families from the Florida fossil record, also concluded that the largest extinction 
phase coincided with the transition from the Tamiami to the Caloosahatchee. One of the major 
differences between those analyses and this study is that the latter presents genus richness within 
a sample standardized protocol. Despite this increased analytical rigor, present results support the 
findings of these previous studies.  While the observed decline in bivalve diversity at the 
Caloosahatchee is concomitant with the major phase of Late Neogene extinction of earlier 
studies, the results suggest that a detailed analyses of extinction and origination rates in 
conjunction with a well-constrained chronostratigraphy as well as temporal ranges of genera are 
necessary to clearly establish the timing of extinction events.  
 Nutrient decline hypothesis 
 One of the most cited possible causes for the Late Neogene extinction of the Tropical 
Western Atlantic marine fauna is a putative decline in nutrient availability and subsequent 
reduction of primary productivity (Vermeij and Petuch, 1986; Jackson et al., 1993; Allmon et al., 
1993; Jones and Allmon, 1995; Allmon et al., 1996; Collins et al., 1996; Roopnarine, 1996; 
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Allmon, 2001; Jackson and Johnson, 2000; Anderson, 2001; Todd et al., 2002; O’Dea et al. 2007; 
O’Dea and Jackson, 2009). This hypothesis suggests that the closure of the marine connection of 
the Pacific and Atlantic oceans across Central America resulted in altered oceanographic patterns 
in the Tropical America, and that this change in oceanographic pattern resulted in less upwelling 
and less nutrient availability in the Western Atlantic (Allmon et al., 1996; Allmon, 2001; Allmon 
and Ross, 2001). Although direst measurement of productivity is not currently available and 
present isotope data is difficult to explain (Allmon et al., 1996), a number of indirect lines of 
evidence, summarized in Allmon (2001), are proposed to explain this pattern. Todd et al. (2002) 
examined a specific prediction of this hypothesis. Based on the empirical study of Birkeland 
(1977), they argued that relative abundance of suspension-feeding molluscs should decline with 
reduction of nutrient decline at the end of Pliocene. Todd et al. (2002) showed that major changes 
in the abundance of different trophic groups, along with a decline in suspension-feeding bivalves 
and their carnivore gastropod predators, occurred in the Caribbean during the late Pliocene – 
Early Pleistocene. Based on ecological and taxonomic compositional data, Leonard-Pingel et al. 
(2010) also suggested that after final closure of Central American Seaways at ~3.5 Ma (Coates et 
al. 1992, 2004; Coates and Obando 1996; Bartoli et al. 2005), a major reorganization in benthic 
communities lead to a decline in suspension-feeding bivalves.  
  However, the dramatic increase of relative dominance of Chione, a suspension-feeding 
bivalve (Abbott, 1974; Andrews, 1977; Peterson, 1982; Daley et al., 2007), during the 
Caloosahatchee as documented in this study does not support this prediction of reduction of 
suspension-feeding molluscs at the end of Pliocene. Moreover, when all bivalves are categorized 
into deposit-feeding and suspension-feeding group (following Neogene Marine Biota of Tropical 
America database, http://eusmilia.geology.uiowa.edu/), the 10 most-common genera show that 
suspension-feeding bivalves were and remained the most dominant component of the Late 
Neogene ecosystems (Table 2.4). When abundance data of these two feeding modes across the 
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Late Neogene formations are considered (Fig. 2.15), contrary to the results of Todd et al. (2002), 
relative proportions of suspension-feeding bivalves did not decline at the end of Pliocene. Instead, 
due to the drastic increase of Chione, there is significant increase in relative proportion of 
suspension-feeding bivalves at the Caloosahatchee (U = 9.34, p <0.01). In the Bermont, the 
relative proportion of suspension-feeding bivalves declines significantly (U = 6.62, p = 0.01), 
while the relative proportion of deposit-feeding bivalves, such as lucinids, increased. Although 
there is an apparent increase in relative proportion of suspension-feeding bivalves at the Ft. 
Thompson, this increase is not statistically significant (U = 2.28, p = 0.13). Therefore, based on 
these results, the nutrient decline hypothesis and its prediction of decline in suspension feeding 
bivalves may not be applicable to the Late Neogene ecosystems of Florida, even if it may be 
applicable to the Caribbean fauna (Todd et al., 2002). However, it should also be noted that 
precise determination of bivalve feeding modes, including Chione, requires more detailed 
investigation. For example, while Chione is a known to be a suspension-feeding bivalve (NMITA 
database), other studies have documented relative abundant Chione in sea-grass environments 
(Prieto et al., 2003, 2005; Mayer et al., 2005) despite the potential limitations of this setting for 
suspension feeding molluscs (Taylor 1993).  
References 
Abbott, R.T., 1974, American seashells: Van Nostrand Reinhold, New York.  
Allmon, W.D., 2001.  Nutrients, temperature, disturbance, and evolution: a model for the Late 
Cenozoic marine record of the western Atlantic. Palaeogeography, Palaeoclimatology, 
Palaeoecology 166, 9-26. 
Allmon, W.D., Rosenberg, G., Portell, R.W., Schindler, K., 1993. Diversity of Pliocene to Recent 
Atlantic coastal plain mollusks. Science 260, 1626-1628. 
Allmon, W.D., Emslie, S.D., Jones, D.S., Morgan, G.S., 1996. Late Neogene oceanographic 
change along Florida's west coast: evidence and mechanisms. Journal of Geology 104, 
143-162. 
 
39 
 
Allmon, W.D., Rosenberg, G., Portell, R.W., Schindler, K., 1996. Diversity of Pliocene-Recent 
mollusks in the western Atlantic: extinction, origination, and environmental change. In: 
Jackson, J.B.C., Budd, A.F., Coates, A.G. (Eds.), Evolution and Environment in Tropical 
America. University of Chicago Press, Chicago, IL 
Allmon, W.D., Ross, R.M., 2001. Nutrients and evolution in the marine realm. In: Allmon, W.D., 
Bottjer, D.J. (Eds.), Evolutionary Paleoecology. Columbia University Press, New York 
Alroy, J., 1996. Constant extinction, constrained diversiﬁcation, and uncoordinated stasis in 
North American mammals. Palaeogeography, Palaeoclimatology, Palaeoecology, 127, 
285–311. 
Alroy J., 2010a. Geographical, environmental and intrinsic biotic controls on Phanerozoic marine 
diversification. Palaeontology 53, 1211–1235. 
Alroy J., 2010b. The shifting balance of diversity among major marine animal 
groups. Science 329, 1191–94 
Alroy J., 2010c. Fair sampling of taxonomic richness and unbiased estimation of origination and 
extinction rates. In J. Alroy and G. Hunt, eds. Quantitative methods in paleobiology. 
Paleontological Society Papers 16, 55–80. 
Alroy, J., Aberhan, M., Bottjer, D.J., Foote, M., Fursich, F.T., Harries, P.J., Hendy, A.J.W., 
Holland, S.M., Ivany, L.C., Kiessling, W., Kosnik, M.A., Marshall, C.R., McGowan, 
A.J., Miller, A.I., Olszewski, T.D., Patzkowsky, M.E., Peters, D.E., Villier, L., Wagner, 
P.J., Bonuso, N., Borkow, P.S., Brenneis, B., Clapham, M.E., Fall, L.M., Ferguson, 
C.A., Hanson, V.L., Krug, A.Z., Layou, K.M., Leckey, E.H., Nurnburg, S., Powers, 
C.M., Sessa, J.A., Simpson, C., Tomasovych, A. and Visaggi, C.C. Phanerozoic trends 
in the global diversity of marine invertebrates. Science 321, 97-100. 
Anderson, L.C., 2001. Temporal and geographic size trends in Neogene Corbulidae (Bivalvia) of 
tropical America: Using environmental sensitivity to decipher causes of morphological 
trends. Palaeogeography, Palaeoclimatology, Palaeoecology 166, 101–120. 
Andrews, J., 1977. Shells and shores of Texas: University of Texas Press, Austin.  
Balseiro, D., Waisfeld, B.G., 2013. Evenness and diversity in upper cambrian – Lower ordovician 
trilobite communities From the central andean basin (cordillera Oriental, argentina). 
Palaeontology 2013, 1–16.  
Bambach, R.K., 1977. Species richness in marine benthic habitats through the Phanerozoic. 
Paleobiology 3, 152–167. 
Bartoli, G., Sarnthein, M., Weinelt, M., Erlenkeuser, H., GarbeSchonberg, D., Lea, D.W., 2005. 
Final closure of Panama and the onset of Northern Hemisphere glaciation. Earth and 
Planetary Science Letters 237, 33–44. 
Birkeland, C., 1987. Nutrient availability as a major determinant of differences among coastal 
hard-substratum communities in different regions of the tropics. UNESCO Reports in 
Marine Science 46, 45–97. 
40 
 
Bulinski, K.V., 2007. Analysis of sample-level properties along a paleoenvironmental gradient: 
the behavior of evenness as a function of sample size. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 253, 490–508. 
Bush, A.M., Bambach, R.K., 2004. Did alpha diversity increase during the phanerozoic? Lifting 
the veils of taphonomic, latitudinal, and environmental biases. Journal of Geology 112, 
625–642. 
Cermeno, P., Rodríguez-Ramos, T., Dornelas, M., Figueiras, F.G., Marañón, E., Teixeira, I.G., 
Vallina, S.M., 2013. Species richness in marine phytoplankton communities is not 
correlated to ecosystem productivity. Marine Ecology Progress Series 488, 1–9.  
Clapham, M.E. and Karr, J.A., 2012. Environmental and biotic controls on the evolutionary 
history of insect body size. Proceedings of the National Academy of Sciences 109, 
10927-10930. 
Coates, A.G., Collins, L.S., Aubry, M.P., Berggren, W.A., 2004. The geology of the Darien, 
Panama, and the late Miocene-Pliocene collision of the Panama arc with northwestern 
South America. Geological Society of America Bulletin 116, 1327–1344. 
Coates, A.G., Jackson, J.B.C., Collins, L.S., Cronin, T. M., Dowsett, H.J., Bybell, L.M., Jung, P., 
Obando, J.A., 1992. Closure of the Isthmus of Panama: the near-shore marine record of 
Costa Rica and western Panama. Geological Society of America Bulletin 104:814–828. 
Coates, A.G., Obando, J.A., 1996. The geologic evolution of the Central American Isthmus. Pp. 
21–56 In: Jackson, J.B.C., Budd, A.F., Coates, A.G. (Eds.), Evolution and Environment 
in Tropical America. University of Chicago Press, Chicago, IL.  
Collins, L. S., Budd, A.F., Coates, A.G., 1996a. Earliest evolution associated with the closure of 
the Tropical American Seaway. Proceedings of the National Academy of Sciences USA 
93:6069–6072. 
Colwell, R.K., Chao, A., Gotelli, N.J., Lin, S.Y., Mao, C.X., Chazdon, R.L., Longion, J.T., 2012. 
Models and estimators linking individual-based and sample-based rarefaction, 
extrapolation, and comparison of assemblages. Journal of Plant Ecology 5, 3-21. 
Cotgreave, P., Harvey, P.H., 1992. Relationships between body size, abundance, and phylogeny 
in bird communities. Functional Ecology 6, 248-256. 
Cronin, T.M., Dowsett, H.J., 1996. Biotic and oceanographic response to the Pliocene closing of 
the Central American Isthmus. In: Jackson, J.B.C., Budd, A.F., Coates, A.G. (Eds.), 
Evolution and Environment in Tropical America. University of Chicago Press, Chicago, 
IL, pp. 76-104. 
Daley, G.M., Ostrowski, S., Geary, D.H., 2007. Paleoenvironmentally correlated differences in a 
classic predator-prey system: the bivalve chione elevata and its gastropod predators. 
Palaios 22, 166–173 
Getty, S., Asmeron, Y., Quinn, T., Budd, A., 2001. Accelerated Pleistocene coral extinctions in 
the Caribbean Basin shown by uranium-lead (U-Pb) dating. Geology 29, 639-642 
41 
 
Gotelli, N., Colwell, R.K., 2001. Quantifying biodiversity: Procedures and pitfalls in the 
measurement and comparison of species richness. Ecology Letters 4, 379-391. 
Gotelli, N.J., Graves, G.R., 1996. Null Models in Ecology. Smithsonian Institution Press, 
Washington, DC, U.S.A. 
Hayek, L.C., Buzas, M.A., 1997. Surveying natural populations. Columbia Univ. Press. New 
York. 
Heck, K.L. Jr., Van Belle, G., Simberloff, D. 1975. Explicit calculation of the rarefaction 
diversity measurement and the determination of sufﬁcient sample size. / Ecology 56, 
1459-1461. 
Herbert, G.S., Paul, S., Harries, P.J., Sliko, J., Lavigne,  M., 2010. Florida extinctions lagged 
environmental and ecological perturbations by 1 million years. Annual Meeting of 
Geological Society of America, Abstracts with Program. 
Hill, M.O., 1973. Diversity and evenness: a unifying notation and its consequences. Ecology 54, 
427–432. 
Hillebrand, H., Benett, D.M., Cadotte, M.W., 2008. Consequences of dominance: a review of 
evenness effects on local and regional ecosystem processes. Ecology 89, 1510–1520. 
Holland, S.M., 2010. Additive diversity partitioning in palaeobiology: revisiting Sepkoski’s 
question. Palaeontology 53, 1237-1254.  
Hulbert, S.H., 1971. The nonconcept of species diversity: a critique and alternative parameters. 
Ecology 52, 577–586. 
Jackson, J.B.C., 1994. Constancy and change of life in sea. Philosophical Transaction of Royal 
Society of London B 344, 55-60.  
Jackson, J.B.C., Johnson, K.G., 2000. Life in the last few million years. In D. H. Erwin and S. L. 
Wing, eds. Deep time: Paleobiology’s perspective. Paleobiology 26 (Suppl. to No. 4), 
221–235. 
Jackson, J.B.C., Jung, P., Coates, A.G.,Collins, L.S., 1993. Diversity and extinction of tropical 
American mollusks and emergence of the Isthmus of Panama. Science 260, 1624–1626. 
Jackson, J.B.C., Todd, J.A., Fortunato, H., Jung, P., 1999. Diversity and assemblages of Neogene 
Caribbean Mollusca of lower Central America. A Paleobiotic Survey of Caribbean 
Faunas from the Neogene of the Isthmus of Panama, Collins, L.S., Coates, A.G. (Eds.), 
Bulletins of American Paleontology 357, 193-230. 
Jones, D.S., Allmon, W.D., 1995. Records of upwelling, seasonality, and growth in stable-isotope 
profiles of Pliocene mollusk shells from Florida. Lethaia 28, 61-74. 
Jost, L., 2010. The relation between evenness and diversity. Diversity 2, 207–232. 
Kidwell, S.M., 2001. Preservation of species abundance in marine death assemblages. Science 
294, 1091–1094. 
42 
 
Kidwell, S.M., 2002. Time-averaged molluscan death assemblages: palimpsests of richness, 
snapshots of abundance. Geology 30, 803–806. 
Kidwell, S.M., Flessa, K.W., 1995. The quality of the fossil record: populations, species, and 
communities. Annual Review of Ecology and Systematics 26, 269–299. 
Kowalewski, M., 2002, The fossil record of predation; an overview of analytical methods: in 
Kowalewski, M., and Kelley, P. H., eds., The Fossil Record of Predation, The 
Paleontological Society Papers, 8, 3–42. 
Kowalewski, M., Goodfriend, G.A., Flessa, K.W., 1998. The high-resolution estimates of 
temporal mixing in shell beds: the evils and virtues of time-averaging. Paleobiology 24, 
287–304. 
Lande, R., 1996. Statistics and partitioning of species diversity, and similarity among multiple 
communities. Oikos 76, 5–13. 
Leonard-Pingel, J.S., Jackson, J.B.C., O’Dea, A., 2010. Changes in bivalve functional and 
assemblage ecology in response to environmental change in the Caribbean Neogene. 
Paleobiology 38, 509-524.  
Lloyd, G.T., Pearson, P.N., Young, J.R., Smith, A.B., 2012a. Sampling bias and the fossil record 
of planktonic foraminifera on land and in the deep sea. Paleobiology 38, 569-584. 
Lloyd, G.T.,Young, J.R., Smith, A.B., 2012b. Comparative quality and fidelity of the deep-sea 
and land-based nannofossil records. Geology 40, 155–158. 
Magurran, A.E., 1988. Ecological diversity and its measurement. Princeton University Press, 
Princeton, New Jersey.  
Magurran, A.E., 2004. Measuring ecological diversity. Blackwell Science Ltd., Oxford.  
Mannion, P. D., Upchurch, P., Carrano, M. T., Barrett, P.M., 2011. Testing the effect of the rock 
record on diversity: a multidisciplinary approach to elucidating the generic richness of 
sauropodomorph dinosaurs through time. Biology Reviews 86, 157–181. 
Mayre, J., Bone, D., Pereira, G., Linero, I., 2005. The bivalve mollusc fauna of a Thalassia 
testudinum meadow in the Cariaco Gulf, Sucre state, Venezuela. Boletin del Instituto 
Oceanografico de Venezuela Universidad de Oriente 44, 41-50.   
McKie, B. G., Woodward, G., Hladyz, S., Nistorescu, M., Preda, E., Popescu, C., Giller, P. S., 
Malmqvist, B., 2008. Ecosystem functioning in stream assemblages from different 
regions: contrasting responses to variation in detritivore richness, evenness and density. 
The Journal of Animal Ecology 77, 495–504. 
McKnight, J., Oches, E., Herbert, G.S., Harries, P.J., 2008. Is It Modern on the Surface? – Time-
Averaging Estimates from the West Florida Shelf Using Amino Acid Racemization from 
Chione (Bivalvia). Annual Meeting of Geological Society of America, Abstracts with 
Program. 
43 
 
Miller, A.I., Foote, M., 1996. Calibrating the Ordovician radiation of marine life: implications for 
Phanerozoic diversity trends. Paleobiology 22, 304-309. 
O’Dea, A., Okamura, B., 2000. Intracolony variation in zooid size in cheilostome bryozoans as a 
new technique for investigating palaeoseasonality. Palaeogeography, Palaeoclimatology, 
Palaeoecology 162, 2139–2322. 
O’Dea, A., Jackson, J.B.C., 2009. Environmental change drove macroevolution in cupuladriid 
bryozoans. Proceedings of the Royal Society of London B 276:3629–3634. 
O’Dea, A., Jackson, J.B.C., Fortunato, H., Smith, J.T., D’Croz, L., Johnson, K.G., Todd, J. 2007. 
Environmental change preceded Caribbean extinction by 2 million years. Proc. Natl. 
Acad. Sci. USA. 104, 5501–5506.  
Olszewski, T.D., 2004. A uniﬁed mathematical framework for the measurement of richness and 
evenness within and among multiple communities. Oikos 104, 377–387. 
Patzkowsky, M.E., Holland, S.M, 2012.  Stratigraphic paleobiology: understanding the 
distribution of fossil taxa in time and space. University of Chicago Press, Chicago.  
Payne, J.L., Clapham, M.E., 2012. End-Permian Mass Extinction in the Oceans: An Ancient 
Analog for the Twenty-First Century? Annual Review of Earth and Planetary Sciences 
40, 89-111. 
Payton, M.E., Greenstone, M.H., Schenker, N., 2003, Overlapping confidence intervals or 
standard error intervals: What do they mean in terms of statistical significance? Journal 
of Insect Science 3, 1–6. 
Peters, S.E., 2004. Evenness of Cambrian–Ordovician benthic marine communities in North 
America. Paleobiology 30, 325–346. 
Peters, S.E., 2006. Genus richness in Cambrian–Ordovician benthic marine communities in North 
America. Palaios 21, 580–587. 
Peterson, C.H., 1982. The importance of predation and intraspecific and interspecific competition 
in the population biology of 2 infaunal suspension-feeding bivalves, Protothaca staminea 
and Chione undatella. Ecol. Monogr. 52, 437-475. 
Petuch, E.J., 1982. Geographical heterochrony: contemporaneous coexistence of Neogene and 
Recent molluscan faunas in the Americas. Palaeogeography, Palaeoclimatology, 
Paleoecology 37, 277–312. 
Petuch, E. J., 1995. Molluscan diversity in the Late Neogene of Florida: evidence for a two-
staged mass extinction. Science 270, 275–277. 
Powell, M.G., Kowalewski, M., 2002. Increase in evenness and sampled alpha diversity through 
the Phanerozoic: comparison of early Paleozoic and Cenozoic marine fossil assemblages. 
Geology 30, 331–334. 
Prieto, A., Sant, S., Mendez, E., Lodeiros, C., 2003. Diversity and abundance of molluscs 
in Thalassia testudinum prairies of the Bay of Mochima, Mochima National 
Park, Venezuela. Revista de Biologia Tropical 51, 413-426.  
44 
 
Prieto, A., Ruiz, L.J., Garcia, N., 2005. Diversity and abundance of mollusks in the sublittoral 
epifaunal community of Punta Patilla, Venezuela. Revista de Biologia Tropical 53, 135-
140.  
R Development Core Team, 2010. R: a language and environment for statistical computing. R 
Development Core Team, Vienna. http://cran.r-project.org/ 
Raup, D.M., 1975. Taxonomic diversity estimation using rarefaction. Paleobiology 1, 333–342 
Ricklefs, R.E., 2004. A comprehensive framework for global patterns in biodiversity. Ecology 
Letters 7, 1-15.  
Ricklefs, R.E., 2008. Disintegration of the Ecological Community. The American Naturalist 172, 
741-750.  
Roopnarine, P.D., 1996, Systematics, biogeography and extinction of chionine bivalves (Early 
Oligocene - Recent) in the Late Neogene of tropical America. Malacologia 38, 103-142. 
Roulier, L.M., Quinn, T.M., 1995. Seasonal- to Decadal-scale climatic variability in Southwest 
Florida during the Mid-Pliocene: Inferences from a coralline stable isotope record; 
Paleoceanography 10, 429-443. 
Sanders, H.L., 1968. Marine benthic diversity: A comparative study. The American Naturalist 
102, 243-282.  
Sepkoski, J.J., 1988, Alpha, beta, or gamma: Where does all the diversity go? Paleobiology 14, 
221–234. 
Smith, A.B., McGowan, A.J., 2011.The ties linking rock and fossil records and why they are 
important for palaeobiodiversity studies Geological Society, London, Special 
Publications 358, 1-7. 
Smith, B., Wilson, J.B., 1996. A consumer’s guide to evenness indices. Oikos, 76, 70–82. 
Smith, J.T., Jackson, J.B.C., 2009. Ecology of extreme faunal turnover of tropical American 
scallops. Paleobiology 35, 77–93. 
Stanley, S.M., 1986. Anatomy of a regional mass extinction: Plio-Pleistocene decimation of the 
Western Atlantic bivalve fauna. Palaios 1, 17-36.   
Stevens, R.D., Willing, M.R., 2000, Community structure, abundance, and morphology: Oikos 
88, 48–56. 
Teranes, J.L., Geary, D.H., Bemis, B.E., 1996. The oxygen isotopic record of seasonality in 
Neogene bivalves from the Central American Isthmus. In: Jackson, J.B.C., Budd, A.F., 
Coates, A.G. (Eds.). Evolution and Environment in Tropical America. University of 
Chicago Press, Chicago, IL, pp. 105-129. 
Todd, J. A. 2001. Molluscan life habits database. In Neogene marine biota of tropical America. 
http://porites.uiowa.edu/database/mollusc/mollusclifestyles.htm. 
45 
 
Todd, J. A., Jackson, J. B. C., Johnson, K. G., Fortunato,  H. M., Heitz, A., Alvarez, M., Jung, P., 
2002, The ecology of extinction: molluscan feeding and faunal turnover in the Caribbean 
Neogene. Proceedings of the Royal Society of London B 269, 571-577.  
Tomasovych, A., Kidwell, S.M., 2010. Predicting the effects of increasing temporal scale on 
species composition, diversity, and rank-abundance distributions. Paleobiology 36, 672–
695. 
Vermeij, G.J., 1987. Evolution and escalation: An ecological history of life. Princeton University 
Press, Princeton, NJ.  
Vermeij, G.J., 2005. One-way traffic in the western Atlantic: causes and consequences of 
Miocene to early Pleistocene molluscan invasions in Florida and the Caribbean. 
Paleobiology 31, 624–642. 
Vermeij, G.J., Petuch, E.J., 1986. Differential extinction in tropical American molluscs: 
endemism, architecture, and the Panama land bridge. Malacologia 27, 29–41. 
Whittaker, R.H., 1960. Vegetation of the Siskiyou Mountains, Oregon and California. Ecological 
Monographs 30, 279–338.  
Whittaker, R.H., 1972. Evolution and measurement of species diversity. / Taxon 21, 213-251. 
Whittaker, R.H. 1977. Evolution of species diversity in land communities. Evolutionary Biology 
10, 1-67. 
Whittaker, R.J., Willis, K.J., Field, R., 2001. Scale and species richness: towards a general, 
hierarchical theory of species diversity. Journal of Biogeography 28, 453-470. 
Woodring, W.P., 1966. The Panama land bridge as a sea barrier. American Philosophical Society 
Transactions 110, 425-433. 
 
 
46 
 
Figures 
 
Figure 2.1. Correlation between ‘raw richness’ and specimen count in bulk samples (see text). 
Note that bulk samples with larger specimen number contain higher richness values.  
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Figure 2.2. Frequency distribution of the coverage or Good’s U (1953) of the bulk samples 
collected from the Tamiami, Caloosahatchee, Bermont and Ft. Thompson formation. Note that 
most of the samples have coverage over 0.90 or 90%, which has been used at the cut-off for the 
present study.   
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Figure 2.3. ‘Raw richness’, counted as the number of genera present, in bulk samples across the 
Late Neogene formations. The dark horizontal line in the middle of the box represents the median 
values, top frame of the box represents 75
th
 percentile, bottom frame of the box represents 25
th
 
percentile and the bars at the end of vertical lines represent the minimum and the maximum data 
values without outliers.  
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Figure 2.4. Diversity index, measured as the Shannon’s H, across the Late Neogene formations. 
The dark horizontal line in the middle of the box represents the median values, top frame of the 
box represents 75
th
 percentile, bottom frame of the box represents 25
th
 percentile and the bars at 
the end of vertical lines represent the minimum and the maximum data values without outliers.  
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Figure 2.5. Rarefaction of our pooled samples from the Tamiami, Caloosahatchee, Bermont and 
Ft. Thompson formations. While each solid line indicates the rarefied genus richness at any given 
individual number, the broken lines indicate the 95% confidence interval around that rarefied 
value.  
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Figure 2.6. Comparison of pooled rarefied genus richness with 95% confidence interval across 
the Late Neogene formations. Comparisons are made at three specimen number at n = 4000 (A), 
2000 (B) and 1000 (C).  
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Figure 2.7. Sample-level rarefied genus richness across the Late Neogene formations at n = 100. 
The dark horizontal line in the middle of the box represents the median values, top frame of the 
box represents 75
th
 percentile, bottom frame of the box represents 25
th
 percentile and the bars at 
the end of vertical lines represent the minimum and the maximum data values without outliers.  
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Figure 2.8. Subsampled richness of our bulk samples, estimated with the SQS method, at a fixed 
coverage = 0.90.  The dark horizontal line in the middle of the box represents the median values, 
top frame of the box represents 75
th
 percentile, bottom frame of the box represents 25
th
 percentile 
and the bars at the end of vertical lines represent the minimum and the maximum data values 
without outliers.  
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Figure 2.9. Evenness, measured as Hulbert’s PIE across the Late Neogene formations. The dark 
horizontal line in the middle of the box represents the median values, top frame of the box 
represents 75
th
 percentile, bottom frame of the box represents 25
th
 percentile and the bars at the 
end of vertical lines represent the minimum and the maximum data values without outliers.  
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Figure 2.10. Distributions of similarity index, measured as Jaccard coefficient, across bulk 
samples of the Late Neogene formations.  The dark horizontal line in the middle of the box 
represents the median values, top frame of the box represents 75
th
 percentile, bottom frame of the 
box represents 25
th
 percentile and the bars at the end of vertical lines represent the minimum and 
the maximum data values without outliers.  
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Figure 2.11. Detrended Correspondence Analysis (DCA) of the Late Neogene bulk samples, 
along with their 95% confidence ellipse.  Color scheme as follows: Red - Tamiami, Blue – 
Caloosahatchee, Green – Bermont and Black – Ft. Thompson formation.  Axis 1 and 2 are shown 
here.  
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Figure 2.12. Frequency distribution of raw abundance of each genus in the four Late Neogene 
formations. X-axis denotes the raw abundance, divided into different bins and y-axis denotes the 
number of genus within each bin. While the numbers of bins are different in indifferent 
formations, we maintained a fixed bin size (50 individuals).   
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Figure 2.13.  Relative proportion of top 10 genera at each formation. Area with light grey color 
indicates cumulative contribution of top 10 genera with respect to total, white color indicates the 
cumulative contribution of rest of the genera. Dark grey color indicates the proportion of Chione 
with respect to total number of individuals at each formation.    
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Figure 2.14. Sample-level analysis of relative abundance of Chione, measured as the ratio 
between the number of Chione and total number of individuals, across the Late Neogene 
formations. The dark horizontal line in the middle of the box represents the median values, top 
frame of the box represents 75
th
 percentile, bottom frame of the box represents 25
th
 percentile and 
the bars at the end of vertical lines represent the minimum and the maximum data values without 
outliers.  
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Figure 2.15. Proportion of suspension feeders, with respect to total number of individuals, across 
the Late Neogene formations. The dark horizontal line in the middle of the box represents the 
median values, top frame of the box represents 75
th
 percentile, bottom frame of the box represents 
25
th
 percentile and the bars at the end of vertical lines represent the minimum and the maximum 
data values without outliers.  
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Tables 
Table 2.1. Stratigraphic formation and unit information for the individual bulk samples used in 
this study. Specimen count indicates the number of individuals in bulk samples as defined in the 
text. ‘Raw richness’ indicates the number of genera present in each bulk sample.  
Units & Bulk samples 
Stratigraphic 
formation 
Specimen count Raw richness 
APAC, Bed 2, Bulk # 15 Tamiami 153 32 
APAC, Bed 2, Bulk # 17 Tamiami 112 27 
APAC, Bed 6-7,Bulk # 17 Tamiami 470 32 
APAC, Bed 7,Bulk # 27  Tamiami 403 38 
APAC, Bed 7,Bulk # 28  Tamiami 636 49 
APAC Bed 10 Tamiami 368 39 
SMR, Unit # 1 Tamiami 238 23 
SMR, Unit # 2 Tamiami 431 33 
SMR, Unit # 3 Tamiami 304 33 
SMR, Unit # 4 Tamiami 265 30 
SMR, Unit # 5 Tamiami 489 41 
SMR, Unit # 6 Tamiami 174 24 
Florida Shell & Dirt Pit, Unit # 1 Caloosahatchee 406 29 
Piper pit Caloosahatchee 6171 48 
St. Pete, Stn. 1854, Bulk # 2 Caloosahatchee 482 17 
DeSoto, Unit # 3 Caloosahatchee 743 29 
DeSoto, Unit # 3 Caloosahatchee 718 32 
Caloosa Shell, Bulk # 5  Bermont 109 13 
Florida Shell & Dirt Pit, Unit # 4 Bermont 1323 34 
Florida Shell & Dirt Pit, Unit # 5 Bermont 1272 17 
DeSoto, Bulk # 3 Bermont 4518 44 
Longan Lake, Unit # 2C  Bermont 2380 29 
Longan Lake, Unit # 3C  Bermont 1199 35 
Longan Lake, Unit # 4C  Bermont 1789 42 
Longan Lake, Unit # 5C  Bermont 1522 27 
Longan Lake, Unit # 6C  Bermont 2704 40 
GKK-FLMNH Bermont 339 41 
Caloosa Shell, Bulk # 1 Ft. Thompson 539 20 
Caloosa Shell, Bulk # 2 Ft. Thompson 627 23 
Caloosa Shell, Bulk # 6 Ft. Thompson 493 19 
Caloosa Shell, Bulk # 7 Ft. Thompson 360 20 
Mira Largo, Bulk # 4 Ft. Thompson 334 14 
Bermont Pit,  Unit # 1 Ft. Thompson 646 16 
Bermont Pit,  Unit # 7 Ft. Thompson 425 28 
Bermont Pit,  Unit # 9 Ft. Thompson 3427 44 
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Table 2.2. Shannon’s H, rarefied richness subsampled richness from SQS and evenness of bulk 
samples. Note that rarefied richness is measured at N=100 and subsampled richness is estimated 
at coverage = 0.90. See text for details.   
Units & Bulk samples 
Diversity 
index (H) 
Rarefied 
richness 
Subsampled 
richness  
Evenness 
(PIE) 
APAC, Bed 2, Bulk # 15 2.83 26.50 - 0.94 
APAC, Bed 2, Bulk # 17 2.70 25.70 - 0.92 
APAC, Bed 6-7,Bulk # 17 1.85 16.80 13.61 0.70 
APAC, Bed 7,Bulk # 27  2.56 22.90 22.44 0.88 
APAC, Bed 7,Bulk # 28  2.58 23.70 23.68 0.87 
APAC Bed 10 2.90 25.20 23.94 0.94 
SMR, Unit # 1 2.64 19.90 15.53 0.94 
SMR, Unit # 2 2.69 21.50 18.48 0.93 
SMR, Unit # 3 2.71 23.50 21.14 0.92 
SMR, Unit # 4 2.55 21.20 18.06 0.89 
SMR, Unit # 5 2.84 23.40 21.69 0.94 
SMR, Unit # 6 2.69 21.40 17.25 0.94 
FSD, Unit # 1 1.79 16.20 12.84 0.71 
Piper pit 1.84 16.80 12.04 0.69 
St. Pete, Stn. 1854, Bulk # 2 1.19 9.20 3.76 0.56 
DeSoto, Unit # 3 1.41 13.00 8.23 0.58 
DeSoto, Unit # 3 1.30 13.10 8.37 0.50 
Caloosa Shell, Bulk # 5  2.01 12.60 8.28 0.88 
FSD, Unit # 4 1.77 14.50 10.09 0.72 
FSD, Unit # 5 0.99 7.20 2.58 0.48 
DeSoto, Bulk # 3 1.56 13.30 8.06 0.61 
Longan Lake, Unit # 2C  1.61 12.20 6.73 0.70 
Longan Lake, Unit # 3C  2.16 15.10 9.98 0.85 
Longan Lake, Unit # 4C  2.77 22.50 19.58 0.92 
Longan Lake, Unit # 5C  1.31 11.30 5.76 0.54 
Longan Lake, Unit # 6C  1.43 14.70 10.95 0.50 
GKK-FLMNH 3.15 28.20 26.96 0.96 
Caloosa Shell, Bulk # 1 0.99 10.00 4.32 0.39 
Caloosa Shell, Bulk # 2 1.08 9.00 4.38 0.45 
Caloosa Shell, Bulk # 6 1.83 12.70 8.13 0.79 
Caloosa Shell, Bulk # 7 1.57 12.70 7.51 0.67 
Mira Largo, Bulk # 4 0.72 7.60 1.63 0.31 
Bermont Pit,  Unit # 1 1.28 7.30 2.60 0.68 
Bermont Pit,  Unit # 7 1.61 15.00 10.99 0.62 
Bermont Pit,  Unit # 9 1.10 10.50 4.08 0.44 
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Table 2.3. Pooled and Mean values of raw richness, Evenness, Shannon’s H, rarefied richness and subsampled richness at the Tamiami, 
Caloosahatchee, Bermont and Ft. Thompson formation. Pooled samples represents the case where all bulk samples are pooled together to 
form an aggregate sample for each formation. Mean values are presented along with their standard deviation.  
  Tamiami Caloosahatchee Bermont Ft. Thompson 
  Pooled  Mean Pooled  Mean Pooled  Mean Pooled  Mean 
Raw richness 91.00 33.42 ± 7.43 66.00 31.0± 11.11 90.00 32.20 ± 10.65 64.00 23.00 ± 9.49 
Hulbert’s PIE 0.94 0.90 ± 0.07 0.67 0.61 ± 0.09 0.75 0.72 ± 0.18 0.71 0.54 ± 0.17 
Subsampled richness  76.41 19.58 ± 3.53 46.70 9.05 ± 3.62 54.95 10.90 ± 7.17 39.45 5.46 ± 3.14 
Shannon's H 3.22 2.63 ± 0.27 1.90 1.50 ± 0.29 2.24 1.88 ± 0.67 1.74 1.27 ± 0.37 
Rarefied richness 90.80 22.64 ± 2.69 60.80 13.66 ± 3.04 69.90 15.16 ± 5.98 55.00 10.60 ± 2.70 
Chione abundance 6.11 5.62 ± 4.97 55.59 59.97 ± 8.82 47.55 34.27 ± 26.10 35.00 50.82 ± 28.03 
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Table 2.4. Most common 10 genera in the Late Neogene formations, with their feeding mode and 
proportional abundances.   
Formation Genus Feeding mode Proportional abundance 
Tamiami Anadara  Suspension feeder 0.14 
Tamiami Varicorbula Suspension feeder 0.13 
Tamiami Perna Suspension feeder 0.10 
Tamiami Plicatula  Suspension feeder 0.09 
Tamiami Ostrea Suspension feeder 0.06 
Tamiami Chione Suspension feeder 0.06 
Tamiami Anadontia Deposit feeder 0.03 
Tamiami Carolinapecten Suspension feeder 0.03 
Tamiami Mulinia Suspension feeder 0.02 
Tamiami Lirophora Suspension feeder 0.02 
Caloosahatchee Chione Suspension feeder 0.56 
Caloosahatchee Anomalocardia Suspension feeder 0.14 
Caloosahatchee Carditamera Suspension feeder 0.05 
Caloosahatchee Varicorbula Suspension feeder 0.05 
Caloosahatchee Anadara  Suspension feeder 0.02 
Caloosahatchee Transenella Suspension feeder 0.01 
Caloosahatchee Arcinella Suspension feeder 0.01 
Caloosahatchee Dosinia Suspension feeder 0.01 
Caloosahatchee Mulinia Suspension feeder 0.01 
Caloosahatchee Chama Suspension feeder 0.01 
Bermont Chione Suspension feeder 0.48 
Bermont Anomalocardia Suspension feeder 0.11 
Bermont Transenella Suspension feeder 0.10 
Bermont Lucina Deposit feeder 0.05 
Bermont Varicorbula Suspension feeder 0.04 
Bermont Plicatula  Suspension feeder 0.02 
Bermont Brachidontes Suspension feeder 0.02 
Bermont Carditamera Suspension feeder 0.02 
Bermont Pteria Suspension feeder 0.02 
Bermont Anadara  Suspension feeder 0.01 
Ft. Thompson Varicorbula Suspension feeder 0.41 
Ft. Thompson Chione Suspension feeder 0.35 
Ft. Thompson Anadara  Suspension feeder 0.06 
Ft. Thompson Mulinia Suspension feeder 0.05 
Ft. Thompson Anomia Suspension feeder 0.02 
Ft. Thompson Parvilucina Deposit feeder 0.02 
Ft. Thompson Transenella Suspension feeder 0.02 
Ft. Thompson Arcinella Suspension feeder 0.01 
Ft. Thompson Argopecten Suspension feeder 0.01 
Ft. Thompson Brachidontes Suspension feeder 0.00 
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CHAPTER 3: ASSOCIATION BETWEEN ABUNDANCE AND SURVIVORSHIP 
ACROSS THE LATE NEOGENE EXTINCTIONS 
 
 
Introduction 
Theoretical and empirical ecological studies predict that extinction risk is inversely 
correlated with taxon abundance (Pimm et al., 1988; Tracy and George 1992; Lande, 1993; 
Rosenzweig and Clark, 1994; Hubbell, 2001; O’Grady et al., 2004). The notion that taxa with 
smaller population sizes are more likely to go extinct than those with larger populations (Lande, 
1993; Gaston, 1997) has been supported by studies in conservation biology (Kunin and Gaston, 
1997), population genetics (Wright, 1931), as well as those devoted to statistical analyses of 
populations (Raup, 1992). Furthermore, it forms the foundation of modern extinction theory 
(Gaston et al., 2000).  
Given the relatively limited record of extinction contained in the very recent past, an 
obvious place to examine this relationship more fully is within the fossil record. If the 
relationship between ecological traits, such as abundance and geographic range, can be linked to 
survivorship across past extinctions in the fossil record, it can potentially provide an important 
tool to conservation biologists to identify extinction prone or vulnerable species (Leighton and 
Schneider, 2008). The studies that have examined the connection between abundance and 
extinction vulnerability in the fossil record to date provide ambiguous support for this prediction 
based on neontologic records. Most previous paleobiologic studies found no association between 
abundance and extinction risk in the fossil record (McClure and Bohonak, 1995; Lockwood, 
2003; Harnik, 2007; Lockwood and Barbour Wood, 2007; Harnik et al., 2010). One of the 
reasons behind this discrepancy between biological studies and paleontological results may result 
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from the fact that most of the paleontological studies were focused on mass-extinction boundaries 
(Payne et al., 2011). Mass extinctions represent periods of widespread, relatively rapid 
environmental disturbances, and these rare events may not favor those ecological traits, such as 
abundance, that may be stronger predictors during background intervals (Raup, 1991a; Jablonski, 
1986, 2005; Foote, 2005, 2007; Payne and Finnegan, 2007). Therefore, it can be argued that lack 
of a correlation between abundance and extinction risk during the end-Permian (Leighton and 
Schneider, 2008), end-Triassic (Kiessling and Aberhan, 2007), or end-Cretaceous (Lockwood, 
2003) are not surprising given the fact that these studies are characterized by large mass 
extinctions (Payne et al., 2011). Although mass extinctions represent disruptions in 
macroevolutionary trends (Jablonski, 1986), most species and genus extinctions occurred between 
major mass extinction boundaries and, therefore, it is important to assess the role of ecological 
traits on taxon survivorship during those background intervals (Payne and Finnegan, 2007; 
Leighton and Schneider, 2008). Studies focused on background extinctions suggest that greater 
abundance within gastropod and bivalve clades was actually advantageous for survivorship 
during the various stages within the Permian and Triassic (Kiessling and Aberhan, 2007; Payne et 
al., 20111). Alternatively, Payne et al. (2011) suggested that another source of discrepancy 
between previous paleontological studies may be the choice of statistical methods. They argued 
that using simple nonparametric tests, which are overwhelmingly applied to paleontological 
studies, potentially fail to detect the association between abundance and extinction risk in the 
fossil record due to their relatively low statistical power.  When all of these previous studies are 
considered together, it appears that whereas short-term biological studies unequivocally support 
the prediction that abundance is inversely associated with extinction risk, this association is 
variable in case of past extinction events in the fossil record.  
In the present study, I assess the association between extinction risk and abundance for 
Plio-Pleistocene marine gastropods, using specimen counts from bulk samples collected from the 
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Gulf and Atlantic coasts of Florida. The magnitude of biodiversity loss and recovery from this 
event as well as the causative mechanisms are, however, still debated (Allmon et al., 1993; 
Petuch, 1995; Herbert et al., in prep). While, some studies suggest a large-scale diversity decline 
(extinction) in the Western Atlantic as compared to the Eastern Pacific molluscs (Woodring, 
1966; Vermeij and Petuch, 1985; Stanley, 1986; Vermeij, 1987; Petuch, 1995; Roopnarine, 
1996), other studies argued that diversity decline was matched by speciation and/or invasion, 
resulting in a faunal turnover with no diversity decline (Allmon et al., 1993; Jackson et al., 1993; 
Vermeij and Rosenberg, 1994; Allmon et al., 1996; Jackson et al. 1999). Several studies (Allmon, 
1993, Herbert et al. 2010) identified only a single extinction event between the Caloosahatchee 
and Bermont (~ 1.8 Ma) (Fig. 3.1), whereas others argued for presence of another extinction 
pulse between the Tamiami and Caloosahatchee (~2.5 Ma) (Stanley, 1986; Petuch, 1995). The 
present study of Late Neogene extinction investigates both of these purported extinction events to 
determine the relationship between abundance and extinction vulnerability aimed at testing a very 
specific hypothesis regarding the role of abundance in background extinction: gastropod taxa with 
greater abundances were buffered from extinction.  
A number of studies have argued that independent relationships between extinction risk 
and other ecological/physiological traits, such as geographic range, may influence the relationship 
between population size and extinction vulnerability (Brown, 1984; McKinney, 1997; Jablonski, 
2005; Rivadeneira and Marquet, 2007; Crampton et al., 2010; Payne et al., 2011). Therefore, the 
present study examines the predicted inverse relation between abundance and extinction 
vulnerability in combination with the effects of geographic range and feeding mode, which have 
been documented to correlate with extinction risk in the fossil record (REFS?). I also employ both 
nonparametric tests and logistic regression to investigate how the choice of statistical method 
influences the association between abundance and extinction vulnerability in the case of the Late 
Neogene marine gastropods of Florida.  
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Materials and Methods 
For the present study, bulk samples collected between 2005 through 2009 were used, and 
these were augmented by similar samples included in the collections at the Paleontological 
Research Institute. These were sampled from the late Pliocene Tamiami, early Pleistocene 
Caloosahatchee, and mid-Pleistocene Bermont formations from various areas throughout 
peninsular Florida. Specimens were identified to the genus level and specimen counts are taken as 
a measure of abundance. The material from the Tamiami includes 18 separate bulk samples with 
a total of 12,367 specimens representing 148 genera. Seven bulk samples were included from the 
Caloosahatchee that consist of 4,259 specimens, representing 125 genera. Materials from the 
Bermont include 13 bulk samples, which contained 10,859 specimens and 87 genera.  
A compendium of extinct taxa was prepared from available literature of the Florida fossil 
record (Petuch, 1982, 1994, 2004; Vermeij, 2005) and the Malacolog database 
(http://www.malacolog.org). Extinction is defined as the subprovince-wide (see below) 
disappearance of a genus between either the Tamiami and Caloosahatchee, or between the 
Caloosahatchee and Bermont. Genera that became locally extinct in Florida, but continued to 
exist in other parts of Tropical America, are included as extinct in my analyses. Focusing on the 
extinction of one geographic location alsos reduces the potential inﬂation of genera loss related to 
a ‘‘pseudoextinction’’ artifact, i.e., morphologically identical forms with different names 
(Leighton and Schneider, 2008). While taxonomy of the Tropical America gastropods has 
attracted considerable attention and revision (Petuch, 1982, 1994, 2004), taxonomic 
classifications of the Late Neogene gastropods from other parts of the world is still poorly 
resolved.  Therefore, use of a single geographic location of the Western Tropical America is 
beneficial to reduce the problem of overcoming differences in taxonomic equivalency between 
taxa from different areas. 
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 Abundance metrics  
The relative abundance of each genus is calculated as the total number of individuals 
belonging to that genus divided by the total number of specimens of all bulk samples collected 
from a specific unit. This metric is analogous to the ‘gamma’ abundance metric of Leighton and 
Schneider (2008), where samples from a unit are pooled for an abundance calculation or 
‘proportional abundance’ of Lockwood (2003). Log-transformed values are used in all statistical 
analyses.  
 Feeding mode 
Feeding mode of molluscs is well documented to be associated with both extinction risk 
and other ecological traits (such as geographic range). For example, Crampton et al. (2010) 
indicated that a carnivorous feeding mode is not only directly associated with species duration, 
but also associated with geographic range and life modes in the case of the New Zealand 
Cenozoic gastropods. For the Late Neogene extinctions in the Western Atlantic, the role of 
feeding mode in predicting extinction risk is controversial. In a study of the Plio-Pleistocene 
gastropods of Florida, Petuch (1995) suggested a decline in diversity (species and genus richness) 
occurred across all trophic levels. In a preliminary analysis of the data investigated here, Paul et 
al. (2008) argued that both diversity and abundance of carnivore, herbivore, and suspension-
feeder declined during the Late Neogene, which supports the view of Petuch (1995). On the other 
hand, Todd et al. (2002) suggested that the predatory gastropods suffered a decline in abundance 
without any change in diversity (measured as the richness value) in the Late Neogene Caribbean. 
In the present study feeding mode was included to address two interrelated questions: 1) do the 
differences between abundance of extinct and surviving genera depend on feeding mode?; and 2) 
can feeding mode successfully predict extinction risk, in the absence and presence of other 
variables? Following the approach followed in the Neogene Marine Biota of Tropical America 
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database, http://nmita.geology.uiowa.edu (Budd et al. 2001), gastropod genera were categorized 
into three broad trophic categories: (i) carnivores, (ii) herbivores, and (iii) suspension feeders (see 
Appendix B). The present study will focus on the genera-level pattern as the feeding modes of 
most genera is a conservative trait and, in general, is applicable to all the included species within 
a given genus (Roy et al. 1996; Todd et al. 2002). Two different approaches are used to include 
feeding mode in statistical analyses.  Firstly, the statistical significance of the difference between 
abundance of extinct and surviving genera within each feeding mode is tested. Secondly, feeding 
mode is used as a predictor variable in univariate and multiple logistic regressions (see below). In 
the studied material, most of the gastropods are carnivorous, both at the Tamiami (78.23 %) and 
Caloosahatchee (74.19%). The proportions of extinct genera are not significantly different across 
these three feeding modes (χ2 = 1.21, p = 0.55 at the extinction event between the Tamiami and 
Caloosahatchee and χ2 = 1.25, p = 0.53 between the Caloosahatchee and the Bermont). 
 Geographic range  
Geographic range not only positively correlates with abundance or population size of 
taxa, but also with their survivorship during times of environmental disruption (Buzas et al., 
1982; Brown, 1984; Jablonski, 1986, 2008; Brown, 1995; McKinney, 1997; Jablonski and Hunt, 
2006; Payne and Finnegan, 2007). Therefore, there is a probability that any association between 
abundance and survivorship may be an artifact of the independent correlation between geographic 
range and abundance. To assess the role of geographic range in determining extinction risk of 
taxa, univariate logistic regressions against the geographic range of individual genera are first 
investigated. Then, geographic range information is included in multiple logistic models, along 
with abundance and feeding mode.   
Two biogeographically separated molluscan-delineated provinces are identified in the 
Neogene of tropical America: the Caloosahatchian, extending from the Carolinas to the Yucatan 
Peninsula, and the Gatunian, located south of the former and inhabited by faunas of the Atlantic 
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and Pacific oceans, including the Caribbean and tropical Brazil (Petuch, 1982, 2004; Vermeij 
2005). According to Petuch (2004), these two provinces are defined as areas with a 50% level of 
gastropod and bivalve species endemism. These two provinces are further subdivided based on at 
least 30% of endemic species (Petuch, 1982, 2004). The Caloosahatchian province contains the 
following subprovinces: the Buckinghamian in South Florida, the Jacksonbluffian in North 
Florida, the Duplinian subprovince in Carolinas, and the Yorktown in northern North Carolina 
and Virginia. The Gatunian is subdivided into the Veracruzan in Mexico, the Limonian in Costa 
Rica, Panama and Columbia, the Puntagavilanian in Venezuela and Trinidad, the Emseraldan in 
Equador, the Garuban in Carricou, Santa Domingo and Jamaica, and the Juruanian in Brazil (Fig. 
3.2; for additional details, see Petuch, 1982, 2004). Based on similarity between the Pliocene 
Cubagua assemblage of Venezuela and other Caribbean assemblages, Landau et al. (2008), 
argued that the Puntagavilanian subprovinces should be renamed as the Colombian–Venezuelan–
Trinidad Subprovince (CVT). In the present study, this modification is followed. 
Information regarding geographic range was collected from two distinct datasets. Firstly, 
a list of taxa was assembled with their reported geographic locations derived mostly from 
Petuch’s work (1982, 1994, 2004), which was updated based on information contained within 
more-recent studies (Vermeij, 2005; Landau et al., 2008 and references therein). This list includes 
information on approximately 69.4% (102 out of 147) and 69.6% (87 out of 125) of the genera 
found in the Tamiami and Caloosahatchee, respectively. The second dataset includes the previous 
list along with the data collected from the Paleobiology Database. This second database includes 
information about 89.12 % (131 out of 147) and 92% (115 out of 125) of genera found in the 
Tamiami and Caloosahatchee, respectively. As these two datasets exhibit similar results in the 
various statistical analyses, here, the results involving the larger dataset are reported.  
Three different metrics are used as proxies for geographic range: (1) whether a genus is 
endemic to the Buckinghamian subprovince in South Florida (as all of the bulk samples are 
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collected from South Florida and the extinction metric includes only those taxa which went 
extinct at this subprovince, a genus is denoted as endemic if it is reported from this subprovince 
only), (2) the number of above-mentioned subprovinces occupied by each genus within the 
Caloosahatchian and Gatunian provinces, and (3) the maximum linear distance between the 
occupied subprovinces by a genus (Fig. 3.2). If a genus is endemic, i.e., present only in South 
Florida, maximum distance for this genus is estimated as the maximum length of the 
Buckinghamian subprovince, which is ~ 690 km.  
As expected, the number of occupied subprovince and maximum-distance measurements 
are highly correlated at both of the extinction event between the Tamiami and Caloosahatchee (r 
= 0.90, p <0.01 and r = 0.92, p <0.01 for the first and second datasets) and between the 
Caloosahatchee and Bermont (r = 0.90, p <0.01 and r = 0.92, p <0.01 for the first and second 
datasets). In addition to determining the maximum distance, the distance between midpoints of 
subprovinces was measured. Both of these distance metrics strongly correlate (r = 0.95, p <0.01 
and r = 0.95, p <0.01 for the “Petuch only” and “Petuch + PBDB” datasets at the Tamiami – 
Caloosahatchee event; r = 0.96 , p <0.01   and r = 0.96, p <0.01 for the “Petuch only” and 
“Petuch + PBDB” datasets at the Caloosahatchee - Bermont event) and show similar results in 
univariate and multiple logistic regressions analyses; here, only the results from analyses using 
the maximum-distance measurements are presented.  
 Statistical methods 
Payne et al. (2011) suggested that the choice of statistical methods can strongly influence 
whether or not a significant relationship exists between abundance and extinction vulnerability. 
Most of the studies that did not observe any association between abundance and survivorship 
primarily used the Mann-Whitney U test to determine significance (McClure and Bohonak, 1995; 
Lockwood, 2003; Kiessling and Baron-Szabo, 2004; Kiessling and Aberhan, 2007, Leighton and 
Schneider, 2008). On the other hand, more recent studies that used logistic regression as their 
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statistical method, argued for an inverse relationship between abundance and extinction risk 
(Payne et al., 2011; Zaffos and Holland, 2012). To test the role of statistical method, both the 
nonparametric Mann-Whitney U test and logistic regression were used in analyzing whether 
abundance effectively predicts extinction vulnerability. 
Logistic regression is a special case of a generalized linear model that is applicable where 
the response variable is binary, such as in the case examined here where the response is either 
extinction or survivorship. The output of this model is the log probability of one outcome 
(extinction or survivorship) divided by the other at a given value of the predictor variable (i.e., 
abundance). The estimated statistic of logistic regression is the log-odds coefficient, which is 
equivalent to the slope of the regression line in linear models; according to Hosmer and 
Lemeshow (2000), it can be estimated as:  
    
 
   
          (1) 
where, p is the probability of the outcome of interest (extinct or survivor), x1 is the predictor 
variable (such as abundance or geographic range), b0 is a constant and bi is the log-odds or 
coefficient of association. In the case of multiple logistic regressions, where both abundance and 
geographic range are considered as predictor variables, equation 1 can also be generalized to 
include multiple predictor variables, 
    
 
   
                       (2) 
where, xi is a predictor variables and bi is the coefficient of association for a given variable i. This 
analytical approach is preferred over other conventional statistical tests because small sample 
sizes may limit the ability of some conventional statistical tests to accurately assess statistical 
significance (Payne and Finnegan, 2007; Payne et al. 2011; Zaffos and Holland, 2012).  
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The effect strengths (log-odds) are expressed on a logarithmic scale. Therefore, higher 
log-odds indicate exponentially increasing association between predictor and response variables. 
For example, log-odds of 0.1 and of 1.0 would suggest that there is 10% (exp(0.1) = 1.10) and 
171% (exp(1.0) = 2.71), respectively, increase in the probability of survival. In the present study, 
the strengths of associations in terms of log-odds are presented in such a fashion as to preserve 
the symmetry around the neutral zero line.  Therefore, positive log-odds indicate a direct 
association between the predictor variable (in this case, abundance and/or geographic range) and 
the probability of survivorship; whereas negative log-odds indicate an inverse relationship 
between predictor variable and survivorship. In addition to the effect strength/coefficient of 
association (log-odds), logistic regression also separately estimates the statistical significance (p-
value) of the association. In the present study, an alpha value of 0.05 was used as the cut-off for 
statistical significance in both Mann-Whitney U test and logistic regressions.  
Results 
 Extinction event between the Tamiami and the Caloosahatchee formations  
 In the bulk samples collected from the Tamiami formation, 11 out of 148 gastropod 
genera went extinct between the Tamiami and Caloosahatchee. Table 3.1 provides the number of 
extinct and surviving genera within the three feeding modes (carnivore, herbivore, and 
suspension-feeder) and geographic range (endemic and non-endemic).  
 Mann-Whitney U test: Figure 3.3A shows the distribution of abundance between extinct 
and surviving genera in the bulk samples studied. When all the genera from the Tamiami bulk 
sample are considered, surviving genera found in the Caloosahatchee are significantly had higher 
abundance before the extinction than those genera that went extinct (Mann-Whitney U test, U = 
5.06, p = 0.02). To investigate the relationship between abundance and extinction vulnerability, 
the abundance of extinct and surviving genera within each feeding mode – carnivore, herbivore 
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and suspension-feeder – were compared among Tamiami carnivores. The results show that 
surviving genera are more abundant than extinct ones (Fig. 3.3B), although the difference is 
marginally insignificant (p=0.06). Abundance distributions of extinct and surviving genera cannot 
be compared within herbivore and suspension-feeder groups, as the number of extinct genera is 
too small for any meaningful comparison (Table 3.1). For the same reason, the small number of 
extinct genera does not allow the comparison of abundance of extinct and surviving genera within 
the group of endemic taxa. In the case of non-endemic taxa, median abundance of surviving 
genera is higher than that of extinct genera (Fig. 3.3C), but the difference is not statistically 
significant (Table 3.1).  
 Univariate logistic regressions: Figure 3.4 shows the log-odds and the 95% confidence 
interval for theunivariate logistic regression analyses, where extinction vulnerability is the 
response variable and one of the five ecological variables – abundance, feeding mode and proxies 
for geographic range – is the predictor variable. In the case of abundance, both log-odds value 
and the 95% confidence intervals plot above the neutral line (Fig. 3.4) indicating that genus 
survivorship is directly related to abundance. In the case of all other univariate analyses, the 95% 
confidence intervals cross the zero-line, indicating the possibility of a neutral relationship within 
the range of statistical error (Table 3.2).  
 Multiple logistic regressions: To account for the influence of geographic range, multiple 
logistic regressions were preformed with abundance and the three proxies of geographic range as 
predictor variables and survivorship as response variable on a smaller dataset (see Materials and 
methods section). The variable of feeding mode was excluded from the analyses as the numbers 
of extinct genera within each category of feeding mode in this dataset are too small to perform 
any meaningful statistical analyses. Abundance exhibits positive log-odds with survivorship in all 
univariate and multivariate analyses (Fig. 3.5). On the other hand, none of the proxies for 
geographic range shows a strong association with extinction vulnerability, i.e., neutral 
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association, as indicated by the range of error extending below the zero-line (Table 3.3). These 
results suggest that abundance is inversely related with extinction vulnerability, even when 
effects of geographic range are taken into account.  
 Extinction event between the Caloosahatchee and the Bermont formations  
 The Caloosahatchee bulk samples include a total of 125 gastropod genera, of which 28 
went extinct prior to the Bermont formation. Data on their feeding modes as well as whether or 
not they are endemic and non-endemic to South Florida is displayed in Table 3.1.  
 Mann-Whitney U test: The relationship between abundance and extinction vulnerability 
between the Caloosahatchee and Bermont is very similar to the earlier Tamiami-Caloosahatchee 
pattern. In the case of the Mann-Whitney U-test, genera that survived from the Caloosahatchee 
into the Bermont are significantly more abundant than extinct ones (Fig. 3.6A). When the data are 
subdivided into the three different feeding categories, median abundance of the surviving genera 
is also greater than that of extinct genera (Fig. 3.6B, C and D). However, the difference is 
statistically significant only for carnivores (Table 3.1).  Although statistical significance is not 
achieved in the case of abundance distribution of extinct and surviving genera within the endemic 
group, extinct genera are relatively rarer, in terms of abundance, than surviving ones (Fig. 3.6E). 
Within non-endemic genera, surviving genera are statistically significantly more abundant than 
extinct genera (Fig. 3.6F and Table 3.1).   
 Univariate logistic regressions: When ecological variables are considered individually 
to examine extinction vulnerability, abundance shows a statistically significant inverse 
relationship between abundance and extinction vulnerability (Fig. 3.7). Feeding mode has a 
positive log-odd when univariate logistic regression is applied (Table 3.2), but the potential for a 
neutral relationship is also within 95% confidence interval. In the case of the geographic range 
proxies, both South Floridian endemism and the number of subprovinces occupied by a genus 
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exhibit statistically significant positive log-odds with extinction vulnerability (Fig. 3.7 and Table 
3.2), indicating that endemic taxa were more prone to extinction and increasing number of 
subprovince directly influences survivorship between the Caloosahatchee and Bermont. In the 
case of the maximum distance between subprovinces, the positive log-odds are too small and 
close to the zero-line for any meaningful interpretation (Fig. 3.7). 
 Multiple logistic regressions: For multivariate analysis between the Caloosahatchee and 
Bermont, where a number of predictor variables are included in the multiple logistic models to 
explain the observed extinction probability, the dataset includes 115 genera, out of which 24 went 
extinct. The abundance of individuals within distinct genera exhibit positive log-odds with 
extinction vulnerability in both univariate and multiple logistic regressions, i.e., surviving genera 
have higher abundance than extinct genera (Fig. 3.8). This inverse relationship between 
abundance and extinction risk is also independent of the proxy used to represent geographic range 
(Table 3.3).  On the other hand, results show that feeding mode is not a strong predictor of 
extinction risk whether it is considered individually or in conjunction with other variables (Fig. 
3.8). Similar to the results from the univariate logistic analyses, endemism shows a positive 
association with extinction risk, i.e., endemic taxa are relatively more vulnerable to extinction 
(Fig. 3.8A). Another proxy for geographic range, the number of subprovinces occupied by a 
genus, also shows a positive relation with survivorship, both in univariate and multiple logistic 
regressions (Fig. 3.8B). When the approach of using maximum distance between occupied 
subprovinces is considered as a measure of a taxon’s geographic range, the results are similar to 
those obtained from the univariate analyses; geographic range does not reveal a clear association 
with extinction probability of a taxon (log-odds very close to the zero-line), indicating a neutral 
association with survivorship (Table 3.3).  
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Discussion 
 Role of abundance during the Late Neogene extinctions 
 Present results suggest that local abundance of marine gastropods of South Florida, 
measured as the relative proportion of each genus in bulk samples, is an effective predictor of 
extinction vulnerability in case of the Late Neogene events. All statistical analyses across two 
extinction pulses indicate that surviving gastropod genera had greater abundance than extinct 
ones. In the case of Mann-Whitney U tests, the median abundance of surviving genera is 
statistically larger than the median abundance of extinct genera when abundance is considered in 
isolation, within each of the three trophic groups, or within endemic and non-endemic groups at 
between both the Tamiami and Caloosahatchee (Fig. 3.3) as well as between the Caloosahatchee 
and Bermont (Fig. 3.6). In some of these cases, such as the comparison within herbivore and 
suspension-feeder groups between the Caloosahatchee and the Bermont, the observed differences 
were not statistically significant at an α value of 0.05 (Table 3.1). However, these comparisons 
are likely biased by the very small number of extinct genera, with only two and three extinct 
genera of herbivores and suspension-feeders, respectively (Table 3.1).   
 Abundance exhibits a significant inverse relation with extinction vulnerability in 
univariate and multiple logistic regressions mirroring the results from the Mann-Whitney U-tests. 
In analyses using univariate regressions where only one predictor variable is included in the 
logistic models, abundance is the only variable that shows a statistically significant, positive log-
odds between the Tamiami and Caloosahatchee, indicating a strong association between 
increasing abundance and increasing survival probabilities. In case of the extinction between the 
Caloosahatchee and Bermont, abundance is also one of two variables which show a statistically 
significant positive relation with probabilities of survival (Table 3.2); the other variable is 
geographic range.  
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 Geographic range, a variable that has an independent association with abundance, is a 
well-documented predictor of extinction vulnerability in the fossil record (Jablonski, 2005; 
Kiessling and Aberhan, 2007; Payne and Finnegan, 2007); therefore, the causal relation between 
abundance and extinction risk may be, at least in part, influenced by geographic range. Similarly, 
feeding mode has also been documented to be independently associated with abundance and 
geographic range in the fossil record (Crampton et al., 2010). Therefore, it is important to 
evaluate the role of abundance in explaining extinction vulnerability accounting for the potential 
influence of these two variables. However, in multiple logistic analyses, where all of these three 
predictor variables were incorporated into regression models, evidence for an inverse relation 
between abundance and extinction probabilities at the Tamiami – Caloosahatchee and 
Caloosahatchee – Bermont extinction events is still retained, even after taking geographic range 
in consideration.  Thus, present results supports the biological and ecological expectation that 
population size and extinction risk are inversely correlated (Pimm et al., 1988; Lande, 1993; 
Hubbell, 2001). 
 One of the primary concerns when applying abundance metrics to fossil data is the 
spatiotemporal scale of the investigation, i.e., how to arrive at a representative abundance for each 
genus from abundances in different samples (Simpson and Harnik, 2009; Zaffos and Holland, 
2012). For example, Simpson and Harnik (2009) suggested that pooling samples from different 
time-planes to form an aggregate sample can, in some cases, bias the final outcome. They 
demonstrated this fact by documenting a difference in the relationship between abundance and 
extinction rates between two cases: (1) when the post-Paleozoic was treated as a single interval 
and (2) when the post-Paleozoic interval is partitioned into separate 10 Ma bins (Simpson and 
Harnik, 2009). Although this study examines the relation at a drastically larger temporal scale 
than this study, pooled or aggregate samples can also be biased by the spatial scale of present 
investigation. For example, Caloosahatchee abundance is based on seven different bulk samples 
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representing five different localities and the relationship between abundance and extinction 
probability may or may not be similar between these individual bulks and aggregated sample. 
Some previous studies used Whittaker’s (1960) alpha, beta and gamma approach to partition their 
abundance measure into different spatial and temporal scales to address this issue (Leighton and 
Schneider, 2008; Zaffos and Holland, 2012). Leighton and Schneider (2008) calculated two 
different abundance metrics – the coarser “gamma” abundance, which is the sum of number of 
individuals of a taxon across all bulk samples, and the finer “alpha” abundance, where the total 
number of specimens of a taxon is averaged by the number of samples containing the taxa 
(samples where a given taxon’s abundance is zero are excluded from the calculation of “alpha” 
abundance). Zaffos and Holland (2012) used this method to address the difference between 
sample-level (α1) to sequence-level (α2) to interval-level (γ) analyses to investigate the 
relationship between abundance and extinction risk of the Ordovician-Silurian brachiopods (see 
Fig. 2 in Zaffos and Holland, 2012).  
 However, “alpha” or mean sample-level abundance may not be the best solution to this 
spatiotemporal problem. To address this issue, consider a hypothetical example: two genera are 
present in five bulk samples from different localities/time-planes and the total number of 
specimens of both of these genera is 10. However, these two genera may not be similarly 
distributed across all of these five localities/time-planes. If one genus has a very even distribution 
of 2,2,2,2 and the other genus has an uneven distribution of 6,1,1,1,1, then an “alpha” or mean 
abundance of 2 for both of these genera may be misleading in terms of the underlying variability. 
The relationship between abundance and extinction risk may be different for the second genus 
within the five localities/time-planes than for the first genus. In that case, the observed 
relationship between mean abundance and extinction risk may not be an effective evaluation of 
the underlying associations of individual localities for fist genus.  Therefore, individual sample-
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level abundance, rather than mean sample-level abundance, may be a better approach to address 
the various issues associated with spatiotemporal variability.  
 However, this approach may not always be possible in the cases where logistic regression 
is applied to the fossil record. The power of logistic regression is constrained by the number of 
observations with the less common category of the response variable and results are unreliable 
with extremely small number in that category. For example, the number of extinct genera, which 
is the less common category of the response variable, is just 11 in the case of the aggregated 
Tamiami samples (Table 3.1). When the underlying individual bulk samples are considered, the 
largest number of genera going extinct between the Tamiami and the Caloosahatchee is just four. 
Therefore, it is not possible to perform any meaningful logistic regression given this extremely 
small number of instances of the less common outcome across the Tamiami – Caloosahatchee 
extinction event.  
 The individual sample-level approach can be applied to six out of seven bulk samples 
collected from the Caloosahatchee. Figure 3.9 shows the association between abundance and 
extinction vulnerability in individual samples, indicated by the log-odds and their 95% 
confidence intervals between the Caloosahatchee and Bermont. A positive log-odd indicates an 
inverse relation between abundance and extinction risk across the interval for each of the 
individual samples (Fig. 3.9). However, the possibility of a neutral relationship, indicated by the 
position of error bars relative to the “zero-line”, may also be evident when each sample is 
considered individually. Each of the six samples shows a positive log-odd, but the coefficients of 
association are not statistically significant. Payne et al. (2011) encountered a similar situation 
when dealing with the extinction of gastropods during the late Paleozoic and early Mesozoic.  In 
their case, 27 bulk samples, out of 30, shows a positive log-odd, but the ‘zero-line’ is within 95% 
confidence interval and none of these log-odds are statistically significant at α=0.05. Payne et al. 
(2011) argued that this lack of statistical significance should not be considered as evidence for 
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neutral relation between abundance of extinction. They suggest that if there was no underlying 
relationship between abundance and extinction risk, at least 50% of the samples should exhibit 
negative log-odds. In the current study, the probability of finding positive log-odds from all six 
samples is less than 0.014 and, therefore, the six out of six positive log-odds are very unlikely to 
be explained by chance alone. Following Payne et al.’s (2011) interpretations, the lack of 
statistical significance is due to inadequate statistical power arising from the moderate strength of 
the association between abundance and extinction vulnerability as influenced by the reduced 
abundance and genus richness in each level of the response variables found in individual bulk 
samples, rather than the absence of any association between these two variables. When all the 
results from all of the analyses are considered together, the uniformity of these results indicate 
that greater local abundance was advantageous for survival in case of both extinction events 
between the Tamiami and Caloosahatchee and the Caloosahatchee and Bermont.   
 Role of the choice of statistical methods  
While the results of an inverse association between abundance and extinction 
vulnerability support the findings of some of the previous studies (Payne et al., 2011; Zaffos and 
Holland, 2012), the majority of earlier paleontological studies have not supported this hypothesis. 
Both McClure and Bohonak (1995) and Lockwood (2003) found no significant difference 
between abundance of extinct and surviving bivalve species and genera across the Cretaceous-
Paleogene (K-Pg) mass extinction based on the analysis of Late Cretaceous molluscs of the North 
American Atlantic and Gulf coastal plains. In the case of the Permo-Triassic mass extinction and 
subsequent background extinctions in the Triassic, Leighton and Schneider (2008) found no 
correlation between abundance and extinction risk in brachiopods. Whereas these studies used 
abundance measurements from actual specimen counts, other paleontological studies employed 
occurrence frequency as a proxy for abundance. Occurrence frequency was not correlated with 
survivorship of coral genera during the K-Pg mass extinction (Kisseling and Baron-Szabo, 2004), 
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of brachiopod genera during the late Mississippian (Powell 2008), or of marine invertebrate 
genera for the Triassic-Jurassic mass extinction (Kisseling and Aberhan, 2004).   
Payne et al. (2011) suggest that the choice of statistical approach can be one of the 
explanations for this discrepancy between past studies of the fossil record. Most of the biologic 
and/or ecologic studies suggest that rare taxa are more vulnerable to stochastic fluctuations in 
populations (Lande, 1993), and, hence, more likely to become extinct when they encounter 
environmental disturbances (Brown, 1984; Gaston, 1994).  However, commonly used simple 
parametric and nonparametric tests, such as t-tests or Mann-Whitney U tests (e.g., McClure and 
Bohonak, 1995; Lockwood, 2003; Kiessling and Baron-Szabo, 2004; Kiessling and Aberhan, 
2007), are predicated on the null hypothesis that there is no significant difference between the two 
groups under investigation. In other words, this type of statistical tests uses nonselective 
extinction, with respect to abundance of extinct and surviving genera, as the null model. 
Therefore, using the Mann-Whitney U test and finding no significant difference between 
abundances of extinct and survivors may reflect a type II error, rather than the lack of any ‘true’ 
association between these two variables. Type II errors are defined as the probabilities of finding 
no differences between observed samples even though significant differences exist between the 
two populations from which those samples are drawn (Rolf and Rolf, 1995). In paleontological 
studies investigating the relation between abundance and extinction risk, type II errors may result 
where there is a significant difference between the abundances of individuals within extinct and 
surviving genera but statistical analysis fails to detect this signal in samples. Although both 
parametric and nonparametric tests contain a certain likelihood of a type II error, nonparametric 
tests (such as the Mann-Whitney U test) have relatively less power and higher likelihood of a type 
II error (Rolf and Rolf, 1995). Therefore, Payne et al. (2011) have argued that the use of such 
nonparametric tests and reduced statistical power associated with them to detect underlying ‘true’ 
biological signals may explain the apparent lack of association between abundance and extinction 
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vulnerability. They suggested that logistic regression, which has relatively increased statistical 
power and reduced likelihoods of type II errors, is a potentially better statistical choice to resolve 
the relationship between abundance and extinction risk.  
In the present study, both the nonparametric Mann-Whitney U test and logistic regression 
were used to test this potential statistical bias. At least for the dataset analyzed here, which 
possibly includes two extinction pulses, the choice of statistical approach did not influence the 
outcome. Both of these analyses show that abundant genera are more likely to survive the 
environmental perturbations associated with these events. Abundance shows a statistically 
significant difference when partitioned between extinct and surviving genera using a Mann-
Whitney U test (p=0.02) and statistically significant positive log-odds between abundance and 
survivorship in univariate logistic regression (p=0.03) between the Tamiami and Caloosahatchee. 
Similarly, between the Caloosahatchee and Bermont, both the Mann-Whitney U test (p=0.03) and 
logistic regression (p=0.03) show a statistically significant role for abundance as a predictor of 
extinction risk. For multiple logistic regressions across both of these extinction pulses, abundance 
exhibits positive log-odds with survivorship, indicating an inverse relation between population 
size and extinction vulnerability (Table 3.3). Another recent study, Zaffos and Holland (2012), 
used both Mann-Whitney U tests and logistic regression to investigate the role of abundance of 
brachiopods across the Ordovician-Silurian extinction event. Mirroring the results found in this 
study, they reported uniformity between the Mann-Whitney U and logistic regression results. 
However, unlike in the present study, their results were statistically non-significant in both 
analyses. Considering both of these studies together, it can be argued that the presence or absence 
of any association between abundance and extinction vulnerability may not depend on the choice 
of statistical models. However, future studies are needed to test this hypothesis in greater detail, 
especially with datasets from previous studies that only used Mann-Whitney U analyses.  
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 Role of abundance in background and mass extinctions 
The alternative explanation of the discrepancy among previous paleontological studies 
regarding the role of abundance as a predictor of extinction risk in the fossil record is the choice 
of study intervals (Payne et al., 2011). Although based on a very limited dataset of extinction 
events and taxonomic groups, mass extinction events are generally known to display greater 
nonselectivity with respect to ecological traits, such as abundance (Jablonski, 1986, McClure and 
Bohonak, 1995; Lockwood, 2003; Leighton and Schneider, 2008). On the other hand, other 
studies, which suggested an inverse relationship between abundance and extinction risk (Stanley, 
1986; Payne et al., 2011), investigated this during background intervals. Therefore, Payne et al. 
(2011) argue that the difference between studies may be explained by different selectivity 
regimes operating between mass and background extinction intervals (Jablonski 1986, 1993, 
2005). In a recent study, Zaffos and Holland (2012) also documented a shifting of selectivity 
regimes in the case of Ordovician-Silurian brachiopods. However, in their study abundance is an 
important predictor of survivorship at the end-Ordovician mass extinction event, but not during 
background intervals (Zaffos and Holland, 2012). In addition to these studies, Simpson and 
Harnik (2009) argued that the relationship between abundance and extinction may be more 
complex than a relatively simple inverse relation. They found that abundance and extinction risk 
vary through time with respect to each other and that the variability in the strength of this 
relationship depends on extinction intensity. When extinction intensity is higher, the association 
between abundance and extinction risk is more variable. This may explain that even for mass 
extinction events, the pattern of correlation between abundance and survivorship is not 
straightforward with a positive correlation for the end-Ordovician brachiopods (Zaffos and 
Holland, 2012) and for end-Triassic bivalves (Kiessling and Aberhan. 2007) and neutral for end-
Cretaceous bivalves (Lockwood, 2003), for all marine invertebrate genera at the end-Triassic 
(Kiessling and Aberhan, 2007), as well as for end-Permian brachiopods (Leighton and Schneider, 
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2008). When all these studies are considered together, it becomes clear that there is no uniform 
relationship between abundance and extinction vulnerability in the fossil record and this 
relationship varies in space and time (Zaffos and Holland, 2012, Simpson and Harnik, 2009). This 
suggests that the differences between the association of abundance and extinction vulnerability in 
the fossil reocrd may be more influenced by the nature and cause of these extinctions and the 
specifc group(s) of taxa investigated, rather than an artifact of the choice of statistical methods.  
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Figures 
 
Figure 3.1. Schematic stratigraphic formations of the Late Neogene Florida. Numerical ages are 
in Ma. Two extinction boundaries have been proposed – (i) between the Tamiami and the 
Caloosahatchee formations and (ii) between the Caloosahatchee and the Bermont formations.  
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Figure 3.2. Distributions of the subprovinces within the Caloosahatchian and Gatunian provinces of Petuch (2004). C1 - Yorktown 
subprovince; C2 - Duplinian subprovince; C3 – Buckinghamian subprovince; C4 -  Jacksonbluffian subprovince; G1 – Garuban 
subprovince; G2 – Veracruzan subprovince; G3 – Limonian subprovince; G4 – Emseraldan subprovince; G5 – Puntagavilanian 
subprovince; G6 - Juruanian subprovince. Puntagavilanian subprovince was renamed as Colombian–Venezuelan–Trinidad Subprovince by 
Landau et al. (2008).  The straight line indicates the maximum distance between Yorktown subprovince and Emseraldan subprovince. If a 
genus is reported from these two provinces, the straight line is the estimated maximum distance geographic range.  
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Figure 3.3. Difference between abundance of extinct and surviving genera of the Tamiami formation. A – Abundance only; B – difference 
in abundance of extinct and surviving genera within the carnivore; 3 – difference in abundance of extinct and survivors of endemic genera. 
See Table 2.1 for the number of genera within each group and statistical significance of the differences. The dark horizontal line in the 
middle of the box represents the median values, top frame of the box represents 75
th
 percentile, bottom frame of the box represents 25
th
 
percentile and the bars at the end of vertical lines represent the minimum and the maximum data values without outliers.  
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Figure 3.4. Log-odds and their 95% confidence interval indicative of the association between extinction vulnerability and abundance, 
feeding mode and three proxies for geographic range, in univariate logistic regression between the Tamiami and Caloosahatchee 
formation. Positive log-odds indicate that increase in probability of survivorship. See text for details on three proxies of geographic range.  
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Figure 3.5. Association between abundance and extinction vulnerability in the presence of geographic range between the Tamiami and 
Caloosahatchee formation.  The association is expressed as the log-odds and their 95% confidence intervals. Three difference proxies for 
geographic range. A – Endemism; B – number of subprovinces occupied by a genus; C – the maximum distance between occupied 
subprovinces. Positive log-odds indicate that increase in probability of survivorship. 
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Figure 3.6. Distribution of abundance of extinct and surviving genera between the 
Caloosahatchee and Bermont formation. A – abundance only; B – difference in abundance of 
extinct and surviving genera within carnivore feeding mode; C – difference in abundance of 
extinct and surviving genera within herbivore feeding mode; D - difference in abundance of 
extinct and surviving genera within suspension-feeder feeding mode; E - difference in abundance 
of extinct and survivors of endemic genera; F - difference in abundance of extinct and survivors 
of non-endemic genera. See Table 1 for the number of genera within each group and statistical 
significance of the difference. The dark horizontal line in the middle of the box represents the 
median values, top frame of the box represents 75
th
 percentile, bottom frame of the box represents 
25
th
 percentile and the bars at the end of vertical lines represent the minimum and the maximum 
data values without outliers.  
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Figure 3.7. Log-odds and their 95% confidence interval, indicative of the association between extinction vulnerability and abundance, 
feeding mode and three proxies for geographic range, in univariate logistic regression the Caloosahatchee and Bermont formation. Positive 
log-odds indicate that increase in probability of survivorship. See text for details on three proxies of geographic range. 
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Figure 3.8. Association between abundance and extinction vulnerability in the presence of geographic range the Caloosahatchee and 
Bermont formation.  The association is expressed as the log-odds and their 95% confidence intervals. Three difference proxies for 
geographic range. A – Endemism; B – number of subprovinces occupied by a genus; C – the maximum distance between occupied 
subprovinces. Positive log-odds indicate that increase in probability of survivorship. 
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Figure 3.9. Sample-level relation between abundance and extinction vulnerability at the extinction event between the Caloosahatchee and 
Bermont formation. The association is expressed as the log-odds and their 95% confidence intervals. Positive log-odds indicate that 
increase in probability of survivorship. 
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Tables 
Table 3.1. Statistical significance (Mann-Whitney U test results) of the difference between abundance of extinct and surviving genera 
across feeding modes and endemic categories at the extinction events between the Tamiami and Caloosahatchee formations and between 
the Caloosahatchee and Bermont formations.  In case of herbivore, suspension-feeder feeding modes and endemic genera at the Tamiami – 
Caloosahatchee boundary, the number of extinct genera is too small for statistical comparisons.   
  
Variable No. of 
extinct 
genera 
No. of 
surviving 
genera 
Mann-
Whitney 
U 
p-value 
Tamiami-Caloosahatchee boundary         
 
Abundance 11 137 5.06 0.02 
 
Carnivore 9 106 3.42 0.06 
 
Herbivore 1 18 NA NA 
 
Suspension-feeder 0 13 NA NA 
 
Endemic to South Florida 1 10 NA NA 
 
Non-endemic 6 114 2.18 0.14 
Caloosahatchee-Bermont boundary 
    
 
Abundance 28 97 4.98 0.03 
 
Carnivore 22 70 4.52 0.03 
 
Herbivore 2 15 0.45 0.50 
 
Suspension-feeder 3 12 0.33 0.56 
 
Endemic to South Florida 6 6 0.65 0.42 
  Non-endemic 18 85 3.70 0.05 
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Table 3.2. Log-odds, their 95% confidence intervals and statistical significance (p-value) from univariate logistic regressions at the 
extinction events between the Tamiami and Caloosahatchee formations and between the Caloosahatchee and Bermont formations.  
  
Ecological variables Total 
no. of 
genera 
Log-
odd 
Lower 
95% 
Upper 
95% 
p-value 
Tamiami – Caloosahatchee       
 
Abundance 148 1.22 0.20 2.48 0.03 
 
Feeding mode 147 0.91 -0.40 3.66 0.31 
 
Endemic and non-endemic 131 0.64 -2.35 2.55 0.57 
 
No. of subprovince 131 0.08 -0.28 0.44 0.65 
 
Maximum distance between endpoints 131 0.00 0.00 0.00 0.97 
Caloosahatchee – Bermont       
 
Abundance 125 0.80 0.12 1.55 0.03 
 
Feeding mode 124 0.24 -0.39 0.99 0.48 
 
Endemic and non-endemic 115 1.55 0.29 2.82 0.01 
 
No. of subprovince 115 0.32 0.10 0.55 0.01 
  Maximum distance between endpoints 115 0.00 0.00 0.00 0.00 
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Table 3.3. Log-odds, their 95% confidence intervals and statistical significance (p-value) from multiple logistic regressions at the 
extinction events between the Tamiami and Caloosahatchee formations and between the Caloosahatchee and Bermont formations. Note 
that feeding mode is excluded from the multiple logistic regression analyses at the Tamiami – Caloosahatchee boundary due to very small 
number of extinct genera at each category.  
  Analyses Ecological variables Total 
no. of 
genera 
Log-
odd 
Lower 
95% 
Upper 
95% 
p-
value 
Tamiami-Caloosahatchee boundary      
 Univariate logistic  Abundance 131 1.22 0.00 2.74 0.08 
 Univariate logistic  Endemic and non-endemic 131 0.64 -2.35 2.55 0.57 
 Univariate logistic  No. of subprovince 131 0.08 -0.28 0.44 0.65 
 Univariate logistic  Maximum distance between endpoints 131 0.00 0.00 0.00 0.97 
        
 Multiple logistic Abundance 131 1.20 -0.02 2.72 0.08 
 Multiple logistic Endemic 131 0.42 -2.60 2.38 0.72 
 Multiple logistic Abundance 131 1.20 -0.02 2.73 0.08 
 Multiple logistic No. of subprovince 131 0.04 -0.33 0.40 0.84 
 Multiple logistic Abundance 131 1.23 0.01 2.76 0.08 
 Multiple logistic Maximum distance between endpoints 131 0.00 0.00 0.00 0.86 
        
Caloosahatchee-Bermont boundary      
 Univariate logistic  Abundance 115 0.82 0.10 1.61 0.00 
 Univariate logistic  Feeding mode 115 0.13 -0.49 0.87 0.70 
 Univariate logistic  Endemic and non-endemic 115 1.55 0.29 2.82 0.01 
 Univariate logistic  No. of subprovince 115 0.32 0.10 0.55 0.01 
 Univariate logistic  Maximum distance between endpoints 115 0.00 0.00 0.00 0.00 
        
 Multiple logistic Abundance 115 0.89 0.08 1.76 0.04 
 Multiple logistic Feeding mode 115 -0.25 -1.01 0.57 0.52 
 Multiple logistic Endemic 115 1.51 0.22 2.82 0.02 
 Multiple logistic Abundance 115 0.72 -0.07 1.58 0.08 
 Multiple logistic Feeding mode 115 -0.20 -0.96 0.62 0.61 
 Multiple logistic No. of subprovince 115 0.29 0.07 0.53 0.01 
 Multiple logistic Abundance 115 0.81 0.00 1.69 0.06 
 Multiple logistic Feeding mode 115 -0.24 -1.01 0.59 0.55 
  Multiple logistic Maximum distance between endpoints 115 0.00 0.00 0.00 0.01 
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CHAPTER 4: THE IMPORTANCE OF PREDATOR IDENTITY IN TESTING THE 
DISRUPTIVE EFFECTS OF PREY EVOLUTION ON PREY SELECTION BEHAVIORS 
OF PREDATORY DRILLING GASTROPODS FROM THE LATE NEOGENE OF 
FLORIDA 
 
 
Introduction 
Mass extinction events are widely thought to slow, reverse, or end long-term trends in 
adaptation, thereby playing a dominant role in shaping evolutionary history. Such disruptions 
could be triggered, in theory, by the loss of clades with ecologically important innovations or by 
changes in the adaptive landscape that favor competitively inferior opportunists that invest more 
heavily in reproduction than enemy-related adaptations (e.g., Gould, 1985, 1990; Jablonski, 1986, 
2005, 2008).  Others have argued, however, that the disruptive effects of extinction are typically 
counterbalanced by the fact that ecologically important innovations tend to arise repeatedly 
following an extinction event (Vermeij, 2004, 2006, 2008). If selection for enemy-related 
adaptations also tends to resume rapidly after an extinction event (Vermeij, 1999:249), then the 
effects of extinction on long-term adaptive trends may, in fact, be brief and minor.   
One of the ways investigators have approached this problem is to quantify the duration 
and magnitude of disruptions of biotic interactions between gastropod drilling predators and their 
bivalve prey in the aftermath of mass extinction events. If extinctions disrupt adaptive trends by 
selectively removing “difficult” bivalve prey, i.e., prey having energetically costly defensive 
adaptations, such as shell ribs, lamellae, and spines, then predators should forage during the 
recovery phase in a way consistent with relaxed selective constraints on prey handling and 
selection behaviors (e.g., Vermeij, 1987; Kelley and Hansen, 1996a). Prey-size selectivity can be 
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quantified in this study system by measuring the prey shell length and drill hole diameter for each 
attack in a sample, where drill hole size serves as a proxy for predator size (e.g., Kitchell et al., 
1981). The relationship between predator and prey sizes conveys information about manipulation 
limits of the predator as well as the ratio between energetic gain from ingested prey biomass and 
the costs of prey handling; this cost is primarily a function of the time it takes to complete a drill 
hole (Kitchell et al., 1981, 1986; Kowalewski, 2004). During background times prior to an 
extinction event or following “complete” recovery, when prey are investing heavily in defenses, 
competition should drive predators to select prey near their manipulation limit to maximize net 
energy return and overall foraging efficiency (Kitchell et al., 1981; Boggs et al., 1984; Kelley, 
1988, 1991). During a recovery interval, in contrast, when prey are investing less in defenses and 
overall competition is reduced, prey selectivity should be reduced or be more variable, indicating 
reduced costs of suboptimal foraging and failed attacks. 
This study re-examines the history of gastropod drilling predation on the venerid genus 
Chione von Mühlfeld, 1811 in the context of a regional extinction event in Florida at roughly 2 
Ma, with new emphasis on tracking the individual responses of two different predator types, the 
Naticidae and the Muricidae.  Massive species turnover, where losses of Pliocene molluscan taxa 
approached 70%, has been documented throughout the region (Stanley and Campbell, 1981; 
Stanley, 1986; Allmon et al., 1993; Jackson et al., 1993; Petuch, 1995), but Chione and its 
primary drilling predators survived the extinction event (e.g., Petuch, 1994; Roopnarine and 
Beussink, 1999). This system, therefore, avoids the nearly impossible task of trying to infer 
disruption and recovery of prey selection behaviors when the types of predators before and after 
an extinction are different. 
One of the changes suspected by previous authors to have triggered disruption of predator 
behaviors in the immediate aftermath of this extinction event was a change in Chione’s shell 
morphology associated with replacement of the Pliocene-to-Early Pleistocene Chione erosa Dall, 
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1903 with the middle Pleistocene-to-Recent Chione elevata (Say, 1822) (Roopnarine and 
Beussink, 1999). Chione erosa has a slightly longer lunule, longer shell, a more dorsal position of 
the hinge, and more elaborate sculpture relative to C. elevata (Roopnarine, 1995, 1996; 
Roopnarine and Beussink, 1999), but none of these changes would have presented naticid 
predators with a more escalated prey. Instead, Roopnarine and Beussink (1999) argued that these 
morphological novelties alone would have been sufficient to disrupt or confuse prey handling 
behaviors of naticids. Their analysis of prey selection behaviors during this biotic crisis appeared 
to confirm that the stereotypy of prey-size selectivity declined coinciding with species 
replacement within Chione, but that predators recovered rapidly by the Late Pleistocene 
(Roopnarine and Beussink, 1999). 
A potential confounding factor in the Roopnarine and Beussink (1999) results is the 
mixing of data from drill holes produced by different types of predators. Although identifying the 
producers of drill holes can be problematic (Kowalewski, 2002), it is an essential step when one 
is interested in tracking the prey selection behaviors of drilling gastropods through time.  The 
necessity for this step is dictated by the fact that the relationship between drill hole size and 
predator size, prey-size selectivity, and a predator’s response to prey adaptations can be different 
for different types of predators (Ansell and Morton, 1985; Harper and Morton, 1997; Carriker and 
Gruber, 1999; Urrutia and Navarro, 2001; Daley et al., 2007). Mixing predation traces from 
multiple predator types potentially obfuscates these relationships and responses, and different 
levels of mixing at different times can produce artifacts resembling ecological disruption or 
recovery, even if the prey-selection behaviors of individual predator types remained unchanged. 
Most studies attempt to avoid this problem by employing classic criteria for identifying 
predators from their drillhole morphology. The Naticidae are generally thought to produce large, 
countersunk holes with beveled sides, whereas the Muricidae are diagnosed by the presence of 
smaller, straight-sided holes (e.g., Ziegelmeier, 1954, 1957; Fretter and Graham, 1962; Reyment 
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1966; Carriker 1969). There are, however, numerous exceptions to these criteria, in which 
muricids produce naticid-like drill holes and vice versa (Carriker and Yochelson, 1968; Guerrero 
and Reyment, 1988; Gordillo 1998, Gordillo and Amuchástegui, 1998; Reyment and Elewa, 
2003; Harper and Peck, 2003; Ishida, 2004; Vasconcelos et al., 2004; Morton 2005; Herbert and 
Paul, 2008; Harper et al., 2011). In Florida, extant species of the muricid genera Chicoreus and 
Phyllonotus have been shown experimentally to drill large, countersunk holes that resemble those 
produced by naticids (Herbert and Dietl, 2002; Dietl et al., 2004; Dietl and Herbert, 2005). Given 
the importance of muricids as drilling predators of Chione in the Recent (Paine 1963), it is likely 
that the holes identified by Roopnarine and Beussink (1999) as naticid were produced by a mix of 
both naticid and muricid predators. Therefore, this study aims to test the hypothesis that changes 
in drilling predation documented by Roopnarine and Beussink (1999) reflect, at least in part, 
varying degrees of mixing of naticid and muricid drill holes in different Neogene assemblages 
and not simply behavioral responses by a single predator type. 
Efforts to address the problem of predator identity for this study system led to the 
development of a complementary set of diagnostic criteria based on experimental observations 
where predator identity was known with certainty through direct observation. Dietl et al. (2004) 
showed that reliable diagnoses to the family level are possible for Florida predators using drill-
hole placement; the large muricids Chicoreus dilectus and Phyllonotus pomum drill large, beveled 
holes in Chione almost exclusively over the ventral half of the prey shell and generally away from 
the direct center of the valve, whereas Nevertia delessertiana, the naticid gastropod dominant 
throughout most of Florida, drills similar large, beveled holes almost exclusively on or near the 
umbo. Samples analyzed by Roopnarine and Beussink (1999: fig. 8) contain a variable mix of 
drill holes over the umbo and ventral half of the shell, which points strongly to a mix of predator 
families and not, as they claimed, variation in drill hole placement preference among naticids. 
Using the revised predator identification criteria that incorporate drillhole placement, the potential 
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for identification errors at the family level can be reduced to near zero for holes at the umbo and 
ventral half of the shell (Dietl et al., 2004). Identification errors are possible for drill holes 
positioned closer to the center of the valve, but Neverita rarely produces such holes, which 
occurred less than 1% of the time in the Dietl et al. (2004) experiments. Thus, the effect of such 
errors should be minimal. In the present study, these recently developed criteria are used to re-
evaluate the response of drilling predators to species turnover in the Plio-Pleistocene of Florida.   
Materials and Methods 
Drilling predation and abundance data are tabulated for valves sampled from bulk 
collections representing the four, major Plio-Pleistocene faunal units of Florida, all of which 
represent inner-shelf to outer-bay facies (Petuch, 1982; DuBar et al., 1991; Willard et al., 1993; 
Missimer, 2001). These include the upper Pliocene Pinecrest Beds of the Tamiami Formation, the 
lower Pleistocene Caloosahatchee Formation, the midldle Pleistocene Bermont Formation and the 
upper Pleistocene Fort Thompson Formation (see Figure 1.1 in Chapter 1). From these Late 
Neogene units, 23 bulk samples were wet sieved using a 5-mm mesh representing roughly six per 
faunal unit;, all shells were hand picked, and bivalves and gastropods identified to genus level. 
These bulk samples included a total of 38,502 valves belonging to Chione erosa (Tamiami and 
Caloosahatchee formations) or C. elevata (Bermont and Ft. Thompson formations). Table 4.1 lists 
the number of specimens collected from each unit. Because we cannot determine with confidence 
whether incomplete valves were drilled or not, only 30,299 complete or near-complete Chione 
valves were considered in the present study. Out of these compete and near-complete valves, 
3,925 valves are completely drilled and 206 valves have incomplete drill holes (Table 4.1).  
 Predator identification 
Large, countersunk holes within a broad region near the umbo were identified as 
“naticid,” while similar holes and large, straight-sided holes in the center and ventral half of the 
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shell were identified as “muricid” following Dietl et al. (2004). As discussed in the introduction, 
this allows accurate identification of predators to the family level, and largely restricts error due 
to predator misidentification to the genus level. Genus-level predator identity is impossible to 
assess for either family (e.g., Dietl and Kelley, 2006), but the number of common genera capable 
of generating the many large, beveled holes in our samples is small and includes only Neverita of 
the Naticidae as well as Chicoreus and Phyllonotus of the Muricidae (Herbert and Dietl, 2002; 
Dietl et al., 2004). Phyllonotus was previously regarded as a subgenus of Chicoreus, and the two 
taxa have similar anatomy (Carriker and Gruber, 1999) and predatory behaviors (Herbert and 
Dietl, 2002; Dietl et al., 2004). Small drill holes (~1 mm outer diameter) were not included in 
data analyzed for this study. These are produced by any of a large number of small-bodied 
muricid species (e.g., Herbert and Paul, 2008) and octopods (Harper, 2002).  
 Data tabulation 
Two drilling parameters were measured on each Chione valve using slide calipers with an 
accuracy of 0.1 mm. Valve height was used as a proxy for prey size. Following Kitchell et al. 
(1981) and Kowalewski (2004), predator size was assessed from the outer borehole diameter 
(OBD). All data were transformed using natural log for further analyses. In addition to these 
drillhole parameters, we also measured the relative abundance of naticid and muricid gastropods 
within the same bulk samples to enable direct comparisons between relative abundance of 
predatory groups and the proportions of drill hole traces produced by these predatory groups.  
 Data analysis 
Total drilling intensity (the intensity of drilling predation from both predator types 
combined) was calculated as 2D/N, where D is the number of drilled valves and N is the number 
of complete or nearly complete valves. Family-specific drilling intensity was calculated using the 
same equation, but by first subtracting the number of holes drilled by the other predator family. 
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Incomplete drilling frequency was measured for each time interval as the number of incomplete 
drill holes divided by the number of total number of complete and incomplete drill holes 
following Vermeij (1987). This metric was also calculated for all drill holes (“total” incomplete 
drilling frequency) as well as for naticids and muricids separately. 
The slope of a Model II regression analysis of log transformed values of predator versus 
prey size was used to assess stereotypy of prey-size selectivity so that our results would be 
directly comparable to those of Roopnarine and Beussink (1999). Because variance of the 
predator-prey size relationship can potentially change independently of the Model II slope, 
correlation coefficients (measured as Pearson’s r) were also used as a measure of predator-prey 
size selectivity.  
The significance and equality of both regression and correlation analyses was tested by 
comparison of confidence intervals of 1000 bootstrap iterations based on random samples 
generated by resampling the original data with replacement (Efron and Tibshirani, 1993; 
Kowalewski and Novak-Gottshall, 2010). Non-overlap of two 84% confidence intervals was used 
in tests involving resampling statistics, because this value corresponds to significant differences 
at the probability value of 0.05 (Payton et al., 2003).     
Results 
 Drilling frequency 
Muricid-type predation traces dominate all four units (Fig. 4.1, Table 4.1), with this 
dominance increasing significantly between the Tamiami-Caloosahatchee (0.75 to 0.84, χ2 = 6.00, 
p <0.01), Caloosahatchee-Bermont (0.84 to 0.90, χ2 = 32.34, p <0.01), and Bermont-Ft. 
Thompson (0.90 to 0.93, χ2 = 3.34, p <0.01).  Of the 3925 complete drill holes recovered from 
our samples (all formations pooled), 3484 (88.8%) are assigned to the Muricidae (Table 4.1). 
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Total drilling frequency, i.e., not separated by predator type, on Chione declined in two 
steps separated by an interval of no change.  Figure 4.1 shows that the first decline in drilling 
frequency from 0.18 to 0.13 (χ2 = 7.49, p <0.01) occurred between the Tamiami and 
Caloosahatchee. Total drilling frequencies for the Caloosahatchee (0.13) and Bermont (0.14) 
formations (early Pleistocene to middle Pleistocene) are not significantly different (χ2 = 0.38, p 
>0.05). The most recent decline in drilling frequency, the Bermont – Ft. Thompson transition 
from 0.14 to 0.11 is statistically significant (χ2 = 29.99, p <0.01).  
Lineage-level drilling frequencies on Chione also declined over time, but the specific 
patterns are different for muricid and naticid gastropods (Fig. 4.1) and differ from the overall 
pattern when all drilling traces are combined. The earliest decline in muricid drilling frequency 
(indicated by the dark grey color in Fig. 4.1) occurs from the Tamiami to the Caloosahatchee and 
is maked by a marginally significant decline from 0.14 to 0.11 (χ2 = 3.84, p = 0.05). This decline 
is followed by a significant increase in the Bermont from 0.11 to 0.12 (χ2 = 6.33, p <0.05) and a 
reduction between the Bermont and Ft. Thompson from 0.12 to 0.10 (χ2 = 24.07, p <0.01). 
Naticid drilling frequencies (indicated by the light grey color in Fig. 4.1), by contrast, follow a 
step-wise reduction in drilling frequency from the Tamiami (0.04) to the Caloosahatchee (0.02), 
Bermont (0.01), and Ft. Thomson (0.01). All of these declines are statistically significant (p 
<0.01), despite their low magnitude.   
 Incomplete drilling 
Total incomplete drilling frequency declined significantly only once in the sequence from 
0.20 in the Tamiami to 0.05 in the Caloosahatchee (Fisher’s exact test, p <0.01; Fig. 4.2A, Table 
4.1). Incomplete drilling frequency did not vary significantly between the Caloosahatchee and 
Bermont (from 0.05 to 0.04, p=0.62) or between the Bermont and Ft. Thompson (from 0.04 to 
0.05, p=0.91).  
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Both muricid and naticid incomplete drilling frequencies follow the general pattern of a 
single decline after the Tamiami in the total or pooled samples.  The incomplete drilling 
frequency for muricids declined from 0.16 in the Tamiami to 0.05 in the Caloosahatchee (Fisher’s 
exact test, p <0.01) (Fig. 4.2B). No significant differences were found between the 
Caloosahatchee and Bermont (from 0.05 to 0.04, p=0.24) or between the Bermont and Ft. 
Thompson (from 0.04 to 0.05 p=0.48). Naticid incomplete drilling frequency (Fig. 4.2C) declined 
from 0.31 in the Tamiami to 0.04 in the Caloosahatchee (Fisher’s exact test, p <0.01). A small 
increase in naticid incomplete drilling frequency in the Bermont (from 0.04 to 0.08) is not 
statistically significant (p=0.09), and there is no significant difference between the Bermont and 
the Ft. Thompson (from 0.08 to 0.02, p=0.21).  
 Predator-prey size selectivity 
Prey shell height was regressed against outer drillhole diameters (i.e., predator size) for 
all drill holes, muricid-only drill holes, and naticid-only drill holes across the four units 
investigated to document changes in predator-prey size selectivity as measured by correlation 
coefficients and regression slopes (Figs. 4.3 and 4.4).  When all drill holes are pooled together, 
correlation coefficients and slopes of predator-prey size relationships show similar temporal 
trends, with a decrease in both metrics of selectivity in the Bermont and an increase at the Ft. 
Thompson (Fig. 4.4A, B; Table 4.2).  The metrics differ slightly at the lower Caloosahatchee, 
where the correlation coefficient declines statistically significantly from the Tamiami (p <0.05) 
but the regression slope does not (Fig. 4.4A, B; Table 4.2). 
The muricid-only relationship between predator and prey size has nearly the same 
temporal trends in correlation coefficients (Fig. 4.4C) and regression slopes (Fig. 4.4D) as the 
pooled data, reflecting the dominance of muricid drill holes in the overall signal.  However, the 
selectivity decline is more pronounced for the muricid portion in correlation coefficients than in 
regression slopes, whereas the late increase portrays a more pronounced increase in slope. The 
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muricid pattern also differs from the pooled data in exhibiting a gradual decline from the 
Tamiami to Bermont. In the pooled data, the decline occurs in a single step between the 
Caloosahatchee and Bermont.  
The naticid-only relationship between predator and prey size is different from both the 
pooled dataset and the muricid-only data. The naticid-only pattern of correlation coefficients (Fig. 
4.4E) differs from the muricid-only pattern of regression slopes (Fig. 4.4F) in both the direction 
of change and the timing.  Naticid correlation coefficients exhibit a marginally insignificant 
decline over the broad time scale of the study interval (Tamiami to Ft. Thompson), with 
marginally significant change occurring between the Caloosahatchee and Bermont and no 
recovery after the Bermont. Regression slopes, however, exhibit a significant increase after the 
Tamiami, no change between the Caloosahatchee and Bermont, a marginally insignificant 
increase after the Bermont, and a significant increase over the time span of the Tamiami to Ft. 
Thompson. Comparison of y-intercepts from Model II regressions indicates a statistically 
significant increase in the y-intercept (i.e., no overlap at 84% confidence intervals) between the 
Caloosahatchee and Bermont. 
Discussion 
 The response of drilling predators to species turnover and morphological change of 
prey 
When temporal patterns of prey size selectivity is analyzed employing the same criteria 
for drill-hole identification used by Roopnarine and Beussink (1999) (i.e., assuming all large 
beveled holes were produced by naticids), we are able to reconstruct a virtually identical temporal 
trend in the regression slopes of predator and prey size as in their original study, despite the fact 
that larger bulk samples were collected independently from different exposures and localities of 
the same formations. Similarities include both a single decline in selectivity, representing a 
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purported disruption, between the Caloosahatchee and Bermont, coincident with the main pulse 
of extinction (Petuch, 1995; Roopnarine and Beussink, 1999; Vermeij, 2005), followed by a 
significant increase in prey size selectivity, representing a hypothesized recovery, in the Ft. 
Thompson. However, when the naticid and muricid drill holes are analyzed separately using 
revised drill hole identification criteria (see Introduction as well as Materials and methods), the 
direction, magnitude, and timing of inferred change in prey-size selectivity differ between 
naticids and muricids, and naticids differ markedly from the original pattern of naticid behavioral 
change described by Roopnarine and Beussink (1999). 
Muricid drill holes, the large, beveled holes in the center and ventral portions of Chione 
valves, dominate predation trace samples for all time intervals (>75%). This was expected based 
on field observations by Paine (1963) that showed that at least in some Recent Florida habitats, 
Chicoreus dilectus and Phyllonotus pomum account for >95% of observed drilling attacks on 
Chione. Not surprisingly, the muricid pattern of prey size selectivity as determined by regression 
slopes closely resembles patterns generated from the mixed data (muricid + naticid drill holes). 
However, regression slope values exhibit an additional small, marginally significant decline at the 
Tamiami-Caloosahatchee transition for muricids, which is not apparent in the mixed data. 
Evidence for early disruption of stereotypy in prey-size selectivity is also expressed strongly in 
correlation coefficients of the predator size:prey size relationship, where statistically significant 
declines occur at both between the Tamiami - Caloosahatchee and Caloosahatchee – Bermont. 
Thus, changes in muricid prey-size-selection behaviors began prior to minimal morphological 
change of Chione prey at ~1.8 Ma and must have been triggered by other factors. 
Interpretation of the naticid response to morphological evolution in Chione prey is more 
strongly dependent upon the choice of metric used. Correlation coefficients show a single decline 
in stereotypy of prey-size selection coinciding with prey turnover at 1.8 Ma. However, regression 
analyses of naticid predator-prey size relationships suggest increasing stereotypy beginning at 2.5 
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Ma. The different timing and opposite direction of change for naticid correlation coefficients 
versus regression slopes indicates that multiple factors influence behavioral stereotypy of some 
predators and that these metrics have different sensitivities to those factors. Correlation 
coefficients, for example, are sensitive indicators of variability in prey size selection, which can 
change independently of changes in slope. The decline in naticid correlation coefficients at 1.8 
Ma is consistent with Roopnarine and Beussink’s (1999) original interpretation of behavioral 
disruption triggered by morphological change in Chione prey.  
Regression slopes and y-intercepts, in contrast, should be more sensitive to the 
manipulation limits of predators, which are set by prey defenses (e.g., size, thickness, sculpture) 
as well as the offensive anatomy and behaviors of the predator. There are no independent records 
of change in naticid anatomy or prey handling behaviors, but shell lengths of Chione erosa 
decreased prior to its replacement by C. elevata, from a maximum of 47 mm in the upper 
Tamiami. to a maximum of 38 mm in the Caloosahatchee (Roopnarine, 1996). This decline was 
confirmed in the smaples used here as well. Loss of large-bodied prey should have forced large 
predators to select smaller prey after Tamiami time, yet regression slopes increase for naticids at 
this time. Another change in Chione that should have influenced the manipulation limit of drilling 
gastropods, forcing either a lower slope or y-intercept, was an increase in shell thickness in the Ft. 
Thompson (Roopnarine and Beussink, 1999). Instead, naticid regression slopes exhibit a 
marginally insignificant increase at this time, and correlation coefficients exhibit no change from 
Bermont to Ft. Thompson time. Therefore, the hypothesis that either size or shell thickness 
change influenced stereotypy of prey selection for naticids is rejected. 
 Ecological and environmental factors 
Major environmental and ecological changes in the western Atlantic were well underway 
at least a million years prior to the extinction event that occurred at ~1.8 Ma (Allmon et al., 1996; 
O’Dea et al., 2007), which may provide clues to understanding why muricid and naticid predation 
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behaviors were already exhibiting signs of disruption by the end of Tamiami time at ~2.5 Ma. 
Below, we examine whether any of the best-documented, early ecological changes could have 
influenced prey selection behaviors of drilling gastropods. 
 Prey overload: One of the most dramatic shifts in benthic community structure of the 
Late Neogene Western Atlantic was an increase in the relative abundance of bivalves (Todd et al., 
2002), particularly Chione (Daley et al., 2007). This increase has been documented in extensive 
stratigraphic work in Florida, where Chione abundance is sometimes used as a biostratigraphic 
indicator (e.g., Petuch, 1982; Lyons, 1990; Missimer and Tobias, 2004). The gastropod to bivalve 
ratio in our bulk samples declines from a roughly 1:1 ratio during Upper Tamiami time to 0.01:1 
in every unit after that (Herbert et al., 2010). The bulk of this shift in abundance patterns is driven 
by Chione, which increased from 8.3% of all bivalves (n = 6739) in samples pooled from the 
Tamiami (3.5 to 2.5 Ma) to 57.3% of all bivalves (n = 15318) in the Caloosahatchee (2.5 to 1.8 
Ma). This increase in relative abundance within our samples could reflect time-averaging artifacts 
(Vermeij and Herbert, 1999) but probably also points to increases in density of living animals. 
Today in Florida, C. elevata can occur at exceptionally high densities of up to 162/m
2
 (Moore and 
Lopez, 1969).  
The effect of prey density on drilling predators is controversial. Daley et al. (2007) 
argued that at high prey densities, where a range of prey sizes might be found, snails should 
forage selectively. When prey occur at extremely high densities, however, secondary metabolites 
emitted by prey could overload the water column with cues. Predators that rely on chemosensory 
detection should then lose their capacity to distinguish chemical cues of individual prey and their 
ability to forage selectively (e.g., Tresiman, 1975; Inman and Kerbs, 1987; Krause and Ruxton, 
2002). Thus, the prey overload hypothesis predicts a single decrease in prey selectivity after 
Tamiami time without reversal. This prediction matches our data on muricid prey size selectivity 
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for the Tamiami to Bermont time, but it fails to explain the anomalous rise in muricid prey-size 
selectivity in the Ft. Thompson or any aspect of the timing of change in stereotypy for naticids.  
 Reduced competition:  Dietl et al. (2004) proposed that competition among drilling 
gastropods was dramatically reduced after the Pliocene based on the disappearance of muricid 
edge drilling. Edge drilling is a rapid mode of attack (Dietl and Herbert, 2005) that is inducible in 
the muricids Chicoreus dilectus and Phyllonotus pomum under experimental conditions of intense 
intraspecific competition (Dietl et al., 2004) or high predation risk (Paul et al., in prep.). The 
frequency of samples from the Dietl et al. (2004) study containing any evidence of edge drilling 
was highest in the Upper Tamiami Fm. (78%, n = 9 samples) and declined slightly in the 
Caloosahatchee (53%, n = 14 samples) and more sharply in the Bermont (0%, n = 18 samples) 
and Ft. Thompson (0%, n = 8 samples). Although in a later study, Daley et al. (2007) found a 
small number of traces of edge drilling from the Bermont and Ft. Thompson, they did not provise 
any datafor the Tamiami or the Caloosahatchee formations, which can be compared for temporal 
trend in edge drilling. Additional evidence for a decline in competition intensity among drillers 
includes a sharp post-Pliocene decrease in incomplete drilling frequencies for Chione (this paper). 
Hutchings and Herbert (2013) showed experimentally that drilling gastropods interact and 
frequently disrupt the drilling activities of competitors, and that increasing the abundance of these 
competitors leads to predictable increases in frequencies of incomplete drill holes. Our data 
indicate precipitous drops in incomplete drilling frequencies (i.e., driller competition) after the 
Pliocene, from higher than 16% for muricids and 31% for naticids in the upper Tamiami to below 
10% for both predator groups in post-Tamiami units.  
 How a reduction in interference and risks from enemies might have affected the 
predation behaviors of drilling gastropods can be predicted from optimal foraging theory, which 
posits that consumers should forage more selectively when enemies are rare and trade off safety 
for efficient foraging when enemies are abundant (e.g., Brown and Kotler, 2004). For the 
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reduction in enemies to have been a driver of behavioral change among drillers in the Late 
Neogene of Florida, prey-size selectivity should have increased after the Tamiami, when risks 
from enemies declined, and possibly again after the Caloosahatchee with no change afterwards. 
Muricid prey size selectivity since the Pliocene, however, shows the opposite pattern (decrease) 
as well as change even when enemies were no longer decreasing in effect (i.e., after the 
Bermont). Naticid prey-size selectivity patterns are dependent on the method of measurement, 
with only regression slopes matching the direction of change predicted by a reduction in enemies. 
Mismatches in timing of change for naticid correlation coefficients versus regression slopes 
weaken support for this hypothesis. 
 Habitat structure: Throughout the tropical and subtropical western Atlantic, coastal 
ecosystems are hypothesized to have shifted from eutrophic to meso- and oligotrophic after the 
Early Pliocene (Allmon et al., 1996; O’Dea et al., 2007). Thalassia seagrass, which thrives in 
waters with high light clarity (i.e., low nutrient concentrations) (Powell et al., 1989, 1991), should 
have expanded its areal coverage and shoot density at this time. The relative abundances of 
muricid and naticid gastropods and the relative abundances of their predation traces on Chione in 
the fossil record of Florida provide a rough proxy for seagrass coverage in the fossil record. 
Muricids are epifaunal predators adapted to seagrass and other consolidated substrates, whereas 
naticids are infaunal, burrowing predators that inhabit unconsolidated substrates such as open 
sand. The proportion of muricid vs. naticid gastropods in our bulk samples increases from around 
50:50 in the Tamiami to nearly 100:0 by the Ft. Thompson, while the ratio of muricid to naticid 
predation traces increase gradually from 75:25 in the Tamiami to 93:7 in the Ft. Thompson (Fig. 
4.5). Both observations are consistent with the predicted expansion of seagrasses. 
Peterson (1982) showed that seagrass rhizomes protect Chione from exposure to enemies 
by creating refugia from excavating and burrowing predators. Expansion in seagrass coverage or 
an increase in rhizome and shoot density after the Pliocene should, therefore, have reduced prey 
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accessibility and forced drilling gastropods to forage less selectively. Muricid stereotypy 
decreased as predicted by this scenario, but the habitat structure hypothesis fails to explain the 
late increase in muricid stereotypy in the Ft. Thompson. This mechanism should also have had 
little or no effect on naticids, which typically forage at the periphery of seagrass beds (Herbert, 
personal observation), but naticid stereotypy was dynamic throughout the study interval. 
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Figures 
 
Fig. 4.1: Distribution of drilling intensity across the Late Neogene formations. Stratigraphic 
scheme used in the figure – ‘Ta’ – Tamiami formations, “Ca” – Caloosahatchee formation, “Be” 
– Bermont formation and “Ft.” – Ft. Thompson formation. Proportions of muricid and naticid 
drillholes are indicated by different colors. Black indicates the proportions of muricid drillholes, 
whereas light grey color indicates the proportions of naticid drillholes. Muricids were the 
dominant component of all drillholes across all formations.  
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Figure 4.2. Incomplete drillhole frequencies across the Late Neogene formations for (A) – 
undifferentiated all drillholes, (B) – muricids, and (C) – naticid gastropods. Stratigraphic scheme 
is following Figure 4.1. 
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Figure 4.3. Regression of prey size (y axis, measured as log transformed prey valve height) on 
predator size (x axis, measured as log transformed outer borehole diameter) across three different 
groups (all drillholes, muricid-only and naticid-only) and four formations (Tamiami, 
Caloosahatchee, Bermont, and Ft. Thompson). Each column represents different groups and each 
row represents different formations.  
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Figure 4.4. Comparison of temporal trends of prey size selectivity from all drillholes, muricid-
only and naticid-only drillholes. First row represents the correlation coefficients (A) and 
regression slopes (B) for all drillholes. Second row represents the correlation coefficients (C) and 
regression slopes (D) for muricid-only drillholes.  Third row represents the correlation 
coefficients (E) and regression slopes (F) for naticid-only drillholes. The solid lines represent 
84% CI and the solid circle represents the median. It should be noted that median values are used 
for graphical purposes only; all statistical tests are performed on the 84% confidence interval. 
Stratigraphic scheme follows figure 4.1. 
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Figure 4.5: Comparison on relative proportion of muricids and naticids across the Late Neogene 
formations. The dark grey color indicates the relative proportion of muricids, while the light grey 
color indicates the proportion of naticid gastropods. Stratigraphic scheme follows figure 4.1.   
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Tables 
Table 4.1: The record of predatory drilling on Chione in the Late Neogene fossil record. Drillholes are categorized into total, muricid and 
naticid predatory groups based on the site of drillholes.  
Stratigraphic unit Total 
Number 
of 
Chione 
Complete 
Chione 
valve 
Complete 
drillhole 
Incomplete 
drillhole 
Muricid 
complete 
drillhole 
Muricid 
incomplete 
drillhole 
Naticid 
complete 
drillhole 
Naticid 
incomplete 
drillhole 
Late Pliocene Tamiami Fm. 562 477 84 21 66 13 18 8 
Early Pleistocene  
Caloosahatchee Fm. 
13069 10212 1352 69 1139 60 213 9 
Middle Pleistocene Bermont 
Fm. 
17855 13873 1878 87 1712 72 166 15 
Late Pleistocene Ft. Thompson 
Fm. 
7016 5737 611 29 567 28 43 1 
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Table 4.2: Median and 84% confidence interval of correlation coefficient  and regression slopes for undifferentiated predators (all 
drillholes), muricid and naticid predators, based on 1000 bootstrap iterations. 
Predatory 
group 
Formations Correlation 
coefficient 
median 
Upper 
84% 
boundary 
Lower 
84% 
boundary 
Regression 
slope 
median 
Upper 
84% 
boundary 
Lower 
84% 
boundary 
 Tamiami 0.82 0.88 0.75 1.08 1.2 0.99 
All driller Caloosahatchee 0.69 0.72 0.64 1.1 1.15 1.05 
 Bermont 0.5 0.54 0.46 0.94 0.97 0.9 
 Ft. Thompson 0.65 0.7 0.58 1.41 1.51 1.32 
        
 Tamiami 0.82 0.89 0.75 1.19 1.34 1.08 
Muricids Caloosahatchee 0.65 0.69 0.59 1.07 1.13 1.02 
 Bermont 0.48 0.52 0.44 0.94 0.97 0.9 
 Ft. Thompson 0.66 0.72 0.59 1.45 1.55 1.34 
        
 Tamiami 0.86 0.93 0.73 0.85 0.98 0.7 
Naticids Caloosahatchee 0.8 0.84 0.76 1.07 1.18 0.98 
 Bermont 0.63 0.76 0.48 0.94 1.05 0.85 
  Ft. Thompson 0.61 0.76 0.39 1.2 1.42 1.01 
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Table A.1. List of bivalve genera in the Late Neogene bulk samples, along with their feeding 
mode (0=suspension feeder and 1=deposit feeder) and relative abundance data.  
Genus Feeding 
mode 
APAC, 
Bed 2, 
Bulk # 
15 
APAC, 
Bed 2, 
Bulk # 
17 
APAC, 
Bed 6-
7,Bulk 
# 17 
APAC, 
Bed 
7,Bulk 
# 27  
APAC, 
Bed 
7,Bulk 
# 28  
Abra 1 0 0 0 0 0 
Acorylus 1 0 0 0 0 0 
Aequipecten 0 0 0 0 0 22 
Alectryonia 0 0 0 0 0 0 
Aligena 0 0 1 0 0 0 
Americardia 0 0 0 0 4 0 
Amusium 0 2 0 0 0 1 
Anadara  0 3 9 22 121 23 
Anadontia 1 0 0 5 2 5 
Angulus 1 2 0 0 1 0 
Anomalocardia 0 0 0 0 0 0 
Anomia 0 2 0 1 2 11 
Arca  0 0 1 0 2 3 
Arcinella 0 0 0 0 27 18 
Arcopsis 0 1 1 1 0 2 
Argopecten 0 1 2 0 0 3 
Astarte 0 0 0 0 0 0 
Barbatia 0 1 0 0 0 1 
Basterotia 0 0 0 0 0 0 
Bornia 0 0 0 0 0 0 
Bothrocorbula 0 0 0 0 0 0 
Brachidontes 0 0 0 0 0 0 
Bractechlamys 0 0 0 0 0 0 
Callucina 1 0 0 0 0 0 
Cardita 0 0 0 0 0 0 
Carditamera 0 7 0 6 5 11 
Carditopsis 0 0 0 0 0 0 
Cardium 0 0 0 0 0 0 
Carolinapecten 0 7 1 8 0 9 
Carycorbula 0 0 0 0 0 0 
Cavilinga 1 0 0 0 0 1 
Chama 0 19 2 6 17 0 
Chione 0 12 7 24 57 60 
Chioniopsis 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
APAC, 
Bed 2, 
Bulk # 
15 
APAC, 
Bed 2, 
Bulk # 
17 
APAC, 
Bed 6-
7,Bulk 
# 17 
APAC, 
Bed 
7,Bulk 
# 27  
APAC, 
Bed 
7,Bulk 
# 28  
Chlamys 0 1 0 0 0 0 
Choristodon 0 1 0 0 0 0 
Codakia 1 0 0 0 0 0 
Conradostrea 0 0 6 0 0 0 
Corbula 0 0 0 0 0 2 
Crassatellites  0 0 0 0 0 0 
Crassinella 0 0 0 0 0 0 
Crassostrea 0 0 0 0 0 0 
Cryptostrea 0 0 0 0 0 0 
Ctena 1 0 0 0 0 0 
Ctenocardia 0 0 0 0 0 0 
Ctenoides 0 0 0 0 0 0 
Cucullaearca 0 0 0 0 0 0 
Cumingia 1 0 0 0 0 0 
Cuspidaria c 0 0 0 0 0 
Cyclinella 0 0 0 0 0 0 
Cymatoica 1 0 0 0 0 0 
Dallocardia 0 0 0 0 0 0 
Dentalium 1 0 0 0 0 0 
Dinocardium 0 0 0 0 0 0 
Diplodonta 0 0 0 0 1 1 
Divalinga 1 1 1 0 0 2 
Divaricella 1 0 0 0 0 0 
Donax 0 0 0 0 0 0 
Dosinia 0 0 0 1 2 1 
Echinochama 0 0 0 0 0 0 
Elliptotellina 1 0 0 0 0 0 
Ensitellops 0 0 0 0 0 0 
Ervilia 0 0 0 0 0 0 
Erycina 0 0 0 0 1 1 
Eucrassatella 0 0 0 6 7 9 
Eurytellina 1 0 0 0 0 0 
Euvola 0 0 0 0 0 0 
Fulgeria 0 0 0 0 0 0 
Gari 0 0 0 0 0 0 
Gastrochaena 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
APAC, 
Bed 2, 
Bulk # 
15 
APAC, 
Bed 2, 
Bulk # 
17 
APAC, 
Bed 6-
7,Bulk 
# 17 
APAC, 
Bed 
7,Bulk 
# 27  
APAC, 
Bed 
7,Bulk 
# 28  
Gemma 0 0 0 0 0 0 
Geukensia 0 0 0 0 0 0 
Glans 0 0 0 0 1 1 
Glycymeris 0 1 4 1 7 12 
Gouldia 0 4 7 0 0 0 
Hemimetis 1 0 0 2 0 0 
Hyotissa 0 0 0 0 0 0 
Iphigenia 0 0 0 0 0 1 
Ischadium 0 0 0 0 0 0 
Isognomon 0 6 0 0 0 1 
Juliacorbula 0 0 0 0 0 0 
Laciolina 1 1 0 0 0 0 
Laevicardium 0 0 1 0 10 10 
Lepopecten 0 0 0 0 0 1 
Lindapecten 0 0 0 0 0 0 
Linga 1 0 0 0 0 0 
Lirophora 0 6 9 0 16 10 
Lithophaga 0 0 0 0 0 0 
Lucina 1 1 2 1 5 5 
Lucinisca 1 0 0 0 0 0 
Lyonsia 0 0 0 0 0 0 
Macoma 1 0 1 0 0 0 
Macrocallista 0 1 1 1 5 3 
Mactrotoma 0 0 0 1 0 0 
Mercenaria 0 0 0 1 3 2 
Merisca 1 0 0 0 0 0 
Modiolus 0 0 0 2 0 0 
Montacuta 0 0 0 0 0 0 
Mulinia 0 11 4 2 1 13 
Myrtea 1 0 0 0 0 0 
Nodipecten 0 0 0 0 0 0 
Noetia 1 0 0 1 0 1 
Nucula  1 0 0 0 2 0 
Nuculana 1 0 0 10 2 5 
Ostrea 0 0 7 0 0 0 
Oyster 0 0 0 0 0 0 
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TableA.1 (continued).  
Genus Feeding 
mode 
APAC, 
Bed 2, 
Bulk # 
15 
APAC, 
Bed 2, 
Bulk # 
17 
APAC, 
Bed 6-
7,Bulk 
# 17 
APAC, 
Bed 
7,Bulk 
# 27  
APAC, 
Bed 
7,Bulk 
# 28  
Pandora 0 0 0 0 0 0 
Panopea 0 0 0 0 2 0 
Parvilucina 1 0 0 4 1 9 
Pecten 0 0 0 0 0 0 
Pectinid 0 0 0 0 0 0 
Periploma 0 0 0 0 0 0 
Perna 0 0 0 2 0 136 
Phacoides 1 3 1 5 5 1 
Phyctiderma 0 0 0 0 0 1 
Phyllodina 1 0 0 0 0 0 
Pinna/Atrina?  0 0 0 0 0 0 
Pitar  0 0 0 0 0 3 
Pitarenus 0 0 0 0 0 0 
Pleurolucina 1 0 0 0 0 0 
Pleuromeris 0 0 1 3 1 0 
Plicatula  0 34 31 80 0 0 
Polymesoda 0 0 0 0 0 0 
Psammotreta 1 0 0 1 0 0 
Pseudochama 0 0 0 0 0 0 
Pteria 0 0 0 0 1 0 
Radiolucina 1 0 0 1 2 3 
Raeta 0 0 0 0 0 0 
Rangia  1 0 0 0 0 0 
Scapharca 0 0 0 0 0 0 
Scissula 1 0 0 0 0 0 
Semele 1 0 0 0 3 3 
Solecurtus 0 0 0 0 1 0 
Spathochlamys 0 0 0 0 0 0 
Spisula 1 0 0 0 5 0 
Spondylus 0 1 0 0 0 1 
Sportella 0 0 0 1 0 1 
Stewartia 1 12 5 0 0 1 
Tagelus 0 0 0 0 0 0 
Tellidora 1 0 0 0 0 0 
Tellina 1 0 1 2 4 1 
Tellinella 1 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
APAC, 
Bed 2, 
Bulk # 
15 
APAC, 
Bed 2, 
Bulk # 
17 
APAC, 
Bed 6-
7,Bulk 
# 17 
APAC, 
Bed 
7,Bulk 
# 27  
APAC, 
Bed 
7,Bulk 
# 28  
Tellinidae 1 0 0 0 0 1 
Thracia 0 0 0 0 0 0 
Timoclea 0 1 0 0 2 0 
Tivela 0 0 0 0 0 0 
Trachycardium 0 2 1 11 7 2 
Transenella 0 4 0 0 9 18 
Trigonocardia 0 1 2 8 0 13 
Tucetona 0 0 0 0 0 0 
Varicorbula 0 3 3 250 59 191 
Venericardia 0 1 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
APAC 
Bed 10 
SMR, 
Unit # 
1 
SMR, 
Unit # 
2 
SMR, 
Unit # 
3 
SMR, 
Unit # 
4 
Abra 1 0 0 0 0 0 
Acorylus 1 0 0 0 0 0 
Aequipecten 0 0 0 0 0 0 
Alectryonia 0 0 0 0 0 0 
Aligena 0 0 0 0 0 0 
Americardia 0 1 0 0 0 0 
Amusium 0 1 0 0 0 0 
Anadara  0 58 20 83 44 82 
Anadontia 1 10 0 35 10 20 
Angulus 1 0 0 0 0 0 
Anomalocardia 0 0 0 0 0 0 
Anomia 0 0 3 7 1 3 
Arca  0 3 8 5 5 3 
Arcinella 0 6 0 0 0 0 
Arcopsis 0 11 4 0 2 3 
Argopecten 0 0 6 11 5 11 
Astarte 0 0 0 0 0 0 
Barbatia 0 1 0 1 1 2 
Basterotia 0 0 0 0 0 0 
Bornia 0 0 0 0 0 0 
Bothrocorbula 0 0 0 0 0 0 
Brachidontes 0 0 0 0 0 0 
Bractechlamys 0 0 0 0 0 0 
Callucina 1 1 0 0 0 0 
Cardita 0 0 0 0 0 0 
Carditamera 0 5 0 4 8 16 
Carditopsis 0 0 0 0 0 0 
Cardium 0 0 0 6 4 8 
Carolinapecten 0 0 4 16 12 9 
Carycorbula 0 0 0 0 0 0 
Cavilinga 1 0 0 0 0 0 
Chama 0 0 5 5 3 6 
Chione 0 54 2 3 5 6 
Chioniopsis 0 1 27 0 0 1 
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Table A.1 (continued).  
Genus Feeding 
mode 
APAC 
Bed 10 
SMR, 
Unit # 
1 
SMR, 
Unit # 
2 
SMR, 
Unit # 
3 
SMR, 
Unit # 
4 
Chlamys 0 0 0 0 0 0 
Choristodon 0 0 0 0 0 0 
Codakia 1 0 0 0 0 0 
Conradostrea 0 0 0 0 0 0 
Corbula 0 0 0 0 0 0 
Crassatellites  0 0 0 0 0 2 
Crassinella 0 0 0 0 0 0 
Crassostrea 0 0 0 6 2 1 
Cryptostrea 0 0 0 0 0 0 
Ctena 1 0 0 0 0 0 
Ctenocardia 0 0 0 0 0 0 
Ctenoides 0 0 0 0 0 0 
Cucullaearca 0 0 0 0 0 0 
Cumingia 1 0 0 1 2 0 
Cuspidaria c 0 0 0 0 0 
Cyclinella 0 0 0 0 0 0 
Cymatoica 1 1 0 0 0 0 
Dallocardia 0 0 0 0 0 0 
Dentalium 1 0 0 0 0 0 
Dinocardium 0 0 0 0 0 0 
Diplodonta 0 1 0 2 1 0 
Divalinga 1 0 0 0 0 0 
Divaricella 1 0 0 0 0 0 
Donax 0 0 0 0 0 0 
Dosinia 0 1 0 6 2 0 
Echinochama 0 0 0 0 0 0 
Elliptotellina 1 0 0 0 0 0 
Ensitellops 0 0 0 0 0 0 
Ervilia 0 0 0 0 0 0 
Erycina 0 0 0 0 0 0 
Eucrassatella 0 17 2 0 0 2 
Eurytellina 1 0 0 0 0 0 
Euvola 0 0 0 0 3 0 
Fulgeria 0 0 0 0 0 0 
Gari 0 0 0 0 0 0 
Gastrochaena 0 0 0 0 0 0 
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Table A.1 (continued). 
Genus Feeding 
mode 
APAC 
Bed 10 
SMR, 
Unit # 
1 
SMR, 
Unit # 
2 
SMR, 
Unit # 
3 
SMR, 
Unit # 
4 
Gemma 0 0 0 0 0 0 
Geukensia 0 0 0 0 0 0 
Glans 0 0 0 0 0 0 
Glycymeris 0 8 0 0 0 0 
Gouldia 0 0 0 2 1 0 
Hemimetis 1 0 0 0 0 0 
Hyotissa 0 0 0 5 8 0 
Iphigenia 0 0 0 0 0 0 
Ischadium 0 0 0 0 0 0 
Isognomon 0 8 3 16 15 0 
Juliacorbula 0 0 0 0 0 0 
Laciolina 1 0 0 0 0 0 
Laevicardium 0 6 0 1 1 1 
Lepopecten 0 0 0 0 0 0 
Lindapecten 0 0 0 0 0 0 
Linga 1 0 0 0 0 0 
Lirophora 0 0 3 2 5 9 
Lithophaga 0 0 0 0 0 0 
Lucina 1 1 0 0 1 1 
Lucinisca 1 0 0 0 0 0 
Lyonsia 0 0 0 0 0 0 
Macoma 1 0 0 0 0 0 
Macrocallista 0 6 0 3 0 0 
Mactrotoma 0 0 0 0 0 0 
Mercenaria 0 25 30 5 6 1 
Merisca 1 0 0 0 0 0 
Modiolus 0 0 0 0 0 0 
Montacuta 0 0 0 0 0 0 
Mulinia 0 8 1 35 12 2 
Myrtea 1 0 0 0 0 0 
Nodipecten 0 0 0 0 0 0 
Noetia 1 0 0 0 1 1 
Nucula  1 0 0 0 0 0 
Nuculana 1 0 0 0 0 0 
Ostrea 0 0 12 68 63 22 
Oyster 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
APAC 
Bed 10 
SMR, 
Unit # 
1 
SMR, 
Unit # 
2 
SMR, 
Unit # 
3 
SMR, 
Unit # 
4 
Pandora 0 0 0 0 0 0 
Panopea 0 3 0 0 0 0 
Parvilucina 1 0 2 0 0 0 
Pecten 0 0 0 0 0 1 
Pectinid 0 0 0 0 0 0 
Periploma 0 0 0 0 0 0 
Perna 0 51 46 38 17 14 
Phacoides 1 3 0 1 2 0 
Phyctiderma 0 0 0 0 0 0 
Phyllodina 1 0 0 0 0 0 
Pinna/Atrina?  0 0 0 0 0 0 
Pitar  0 0 0 0 0 0 
Pitarenus 0 0 0 0 0 0 
Pleurolucina 1 0 0 0 0 0 
Pleuromeris 0 0 0 0 0 0 
Plicatula  0 1 27 46 52 32 
Polymesoda 0 0 0 0 0 0 
Psammotreta 1 0 0 1 0 0 
Pseudochama 0 0 0 1 0 0 
Pteria 0 1 8 2 0 0 
Radiolucina 1 11 0 0 0 0 
Raeta 0 2 0 1 0 0 
Rangia  1 0 0 0 0 0 
Scapharca 0 0 0 0 0 0 
Scissula 1 0 0 0 0 0 
Semele 1 2 0 0 0 0 
Solecurtus 0 0 0 0 0 0 
Spathochlamys 0 0 0 0 0 0 
Spisula 1 0 0 0 0 0 
Spondylus 0 1 0 0 0 1 
Sportella 0 0 0 0 0 0 
Stewartia 1 10 0 0 0 0 
Tagelus 0 0 0 0 0 0 
Tellidora 1 1 3 0 1 0 
Tellina 1 1 2 2 6 2 
Tellinella 1 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
APAC 
Bed 10 
SMR, 
Unit # 
1 
SMR, 
Unit # 
2 
SMR, 
Unit # 
3 
SMR, 
Unit # 
4 
Tellinidae 1 0 0 0 0 0 
Thracia 0 0 0 0 0 0 
Timoclea 0 0 0 0 0 0 
Tivela 0 0 0 0 0 0 
Trachycardium 0 7 0 0 0 0 
Transenella 0 5 7 11 3 2 
Trigonocardia 0 24 0 0 0 0 
Tucetona 0 0 0 0 0 0 
Varicorbula 0 11 13 0 0 1 
Venericardia 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
SMR, 
Unit # 
5 
SMR, 
Unit # 
6 
FSD, 
Unit # 
1 
Piper 
pit 
St. Pete, 
PRI, 
Bulk # 2 
Abra 1 0 0 0 1 0 
Acorylus 1 0 0 0 0 0 
Aequipecten 0 0 0 2 2 0 
Alectryonia 0 0 0 0 0 7 
Aligena 0 0 0 0 0 0 
Americardia 0 1 0 0 0 0 
Amusium 0 0 0 0 0 0 
Anadara  0 81 29 1 191 1 
Anadontia 1 35 5 0 25 0 
Angulus 1 0 0 0 8 0 
Anomalocardia 0 0 0 4 1224 0 
Anomia 0 5 2 8 9 3 
Arca  0 8 1 6 12 0 
Arcinella 0 0 0 9 100 0 
Arcopsis 0 3 2 0 20 0 
Argopecten 0 29 10 2 42 0 
Astarte 0 0 0 0 0 0 
Barbatia 0 0 3 3 3 0 
Basterotia 0 0 0 0 0 0 
Bornia 0 0 0 0 0 0 
Bothrocorbula 0 0 0 1 66 0 
Brachidontes 0 0 0 0 0 0 
Bractechlamys 0 6 0 0 0 0 
Callucina 1 0 0 0 30 0 
Cardita 0 0 0 0 0 0 
Carditamera 0 3 0 7 357 99 
Carditopsis 0 0 0 0 0 0 
Cardium 0 16 3 0 0 0 
Carolinapecten 0 31 12 0 0 0 
Carycorbula 0 0 0 0 0 0 
Cavilinga 1 0 0 0 0 0 
Chama 0 7 0 6 34 3 
Chione 0 14 3 199 3253 315 
Chioniopsis 0 11 5 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
SMR, 
Unit # 
5 
SMR, 
Unit # 
6 
FSD, 
Unit # 
1 
Piper 
pit 
St. Pete, 
PRI, 
Bulk # 2 
Chlamys 0 0 0 0 0 0 
Choristodon 0 0 0 0 0 0 
Codakia 1 0 0 0 0 0 
Conradostrea 0 0 0 0 0 0 
Corbula 0 0 0 0 0 0 
Crassatellites  0 1 0 0 0 0 
Crassinella 0 0 0 0 0 0 
Crassostrea 0 1 3 0 0 3 
Cryptostrea 0 0 1 0 0 0 
Ctena 1 0 0 0 0 0 
Ctenocardia 0 0 0 0 16 0 
Ctenoides 0 0 0 1 0 0 
Cucullaearca 0 0 0 0 0 0 
Cumingia 1 1 0 0 0 0 
Cuspidaria c 0 0 0 0 0 
Cyclinella 0 0 0 0 0 0 
Cymatoica 1 0 0 0 0 0 
Dallocardia 0 0 0 0 0 0 
Dentalium 1 0 0 0 0 0 
Dinocardium 0 0 0 0 0 0 
Diplodonta 0 6 1 0 0 0 
Divalinga 1 0 0 0 8 0 
Divaricella 1 0 0 0 0 0 
Donax 0 0 0 0 0 0 
Dosinia 0 1 0 5 106 0 
Echinochama 0 0 0 0 0 0 
Elliptotellina 1 0 0 0 0 0 
Ensitellops 0 0 0 0 0 0 
Ervilia 0 0 0 0 0 0 
Erycina 0 0 0 0 0 0 
Eucrassatella 0 8 6 0 3 0 
Eurytellina 1 0 0 0 5 0 
Euvola 0 0 0 0 2 0 
Fulgeria 0 0 0 0 0 0 
Gari 0 0 0 0 0 0 
Gastrochaena 0 2 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
SMR, 
Unit # 
5 
SMR, 
Unit # 
6 
FSD, 
Unit # 
1 
Piper 
pit 
St. Pete, 
PRI, 
Bulk # 2 
Gemma 0 0 0 0 0 0 
Geukensia 0 0 0 0 0 0 
Glans 0 0 0 0 0 3 
Glycymeris 0 0 0 0 10 18 
Gouldia 0 2 0 0 0 0 
Hemimetis 1 0 0 0 0 0 
Hyotissa 0 0 0 0 0 0 
Iphigenia 0 0 0 0 0 0 
Ischadium 0 0 0 0 0 0 
Isognomon 0 1 0 0 0 1 
Juliacorbula 0 0 0 0 0 0 
Laciolina 1 0 0 0 0 0 
Laevicardium 0 0 0 1 7 0 
Lepopecten 0 0 0 0 0 0 
Lindapecten 0 0 0 0 0 0 
Linga 1 0 0 0 0 0 
Lirophora 0 17 8 0 3 0 
Lithophaga 0 0 0 0 0 0 
Lucina 1 4 0 0 17 0 
Lucinisca 1 0 0 0 0 0 
Lyonsia 0 0 0 0 0 0 
Macoma 1 0 0 0 0 0 
Macrocallista 0 1 0 5 59 0 
Mactrotoma 0 0 0 0 0 0 
Mercenaria 0 3 3 2 2 0 
Merisca 1 0 0 0 0 0 
Modiolus 0 0 0 0 0 0 
Montacuta 0 0 0 0 0 0 
Mulinia 0 3 0 2 95 0 
Myrtea 1 0 0 0 0 0 
Nodipecten 0 0 0 0 0 0 
Noetia 1 0 0 0 0 0 
Nucula  1 0 0 0 0 0 
Nuculana 1 0 0 0 0 0 
Ostrea 0 54 24 0 35 3 
Oyster 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
SMR, 
Unit # 
5 
SMR, 
Unit # 
6 
FSD, 
Unit # 
1 
Piper 
pit 
St. Pete, 
PRI, 
Bulk # 2 
Pandora 0 0 0 0 0 0 
Panopea 0 0 0 0 1 0 
Parvilucina 1 1 0 0 53 1 
Pecten 0 1 1 0 0 0 
Pectinid 0 0 0 1 0 0 
Periploma 0 0 0 0 0 0 
Perna 0 60 29 0 0 0 
Phacoides 1 0 0 0 11 0 
Phyctiderma 0 0 0 0 0 0 
Phyllodina 1 0 0 0 0 0 
Pinna/Atrina?  0 0 0 2 0 0 
Pitar  0 1 0 0 26 0 
Pitarenus 0 0 0 0 0 0 
Pleurolucina 1 0 0 0 7 0 
Pleuromeris 0 0 0 0 0 0 
Plicatula  0 55 7 6 18 18 
Polymesoda 0 0 0 0 0 0 
Psammotreta 1 0 0 0 0 0 
Pseudochama 0 1 0 0 0 0 
Pteria 0 0 0 1 0 0 
Radiolucina 1 0 0 0 4 1 
Raeta 0 0 0 13 0 0 
Rangia  1 0 0 0 51 3 
Scapharca 0 0 0 0 0 0 
Scissula 1 0 0 0 0 0 
Semele 1 1 0 0 5 1 
Solecurtus 0 0 0 0 7 0 
Spathochlamys 0 0 0 0 0 0 
Spisula 1 0 0 0 0 0 
Spondylus 0 0 0 0 0 0 
Sportella 0 0 0 0 0 0 
Stewartia 1 0 0 0 12 0 
Tagelus 0 0 0 2 0 0 
Tellidora 1 1 0 1 8 0 
Tellina 1 6 4 0 4 0 
Tellinella 1 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
SMR, 
Unit # 
5 
SMR, 
Unit # 
6 
FSD, 
Unit # 
1 
Piper 
pit 
St. Pete, 
PRI, 
Bulk # 2 
Tellinidae 1 0 0 0 0 0 
Thracia 0 2 0 0 0 0 
Timoclea 0 0 0 0 5 2 
Tivela 0 0 0 0 0 0 
Trachycardium 0 0 0 1 13 0 
Transenella 0 1 3 4 116 0 
Trigonocardia 0 0 0 4 0 0 
Tucetona 0 0 0 0 0 0 
Varicorbula 0 4 9 107 85 0 
Venericardia 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
DeSoto 
May 
2008, 
Site 1, 
Unit 3 
DeSoto 
May 
2008, 
Trans 3, 
Unit 3 
Caloosa 
Shell, 
Bulk # 5  
FSD, 
Unit # 
4 
FSD, 
Unit # 
5 
Abra 1 0 0 0 0 0 
Acorylus 1 0 0 0 0 0 
Aequipecten 0 0 0 0 0 0 
Alectryonia 0 7 6 0 0 0 
Aligena 0 0 0 0 0 0 
Americardia 0 12 0 0 0 0 
Amusium 0 0 0 0 0 0 
Anadara  0 3 5 40 35 5 
Anadontia 1 0 1 0 0 0 
Angulus 1 0 1 1 0 0 
Anomalocardia 0 0 0 0 624 913 
Anomia 0 5 5 9 7 3 
Arca  0 9 9 0 0 0 
Arcinella 0 3 4 0 7 4 
Arcopsis 0 0 1 0 4 0 
Argopecten 0 3 1 0 16 6 
Astarte 0 0 0 0 0 0 
Barbatia 0 2 1 0 0 0 
Basterotia 0 0 0 0 0 0 
Bornia 0 0 0 0 0 0 
Bothrocorbula 0 1 1 0 0 0 
Brachidontes 0 0 0 11 3 0 
Bractechlamys 0 0 0 0 0 0 
Callucina 1 0 0 0 8 0 
Cardita 0 0 0 0 0 0 
Carditamera 0 0 0 0 8 5 
Carditopsis 0 0 0 0 0 0 
Cardium 0 0 0 0 2 0 
Carolinapecten 0 0 0 0 0 0 
Carycorbula 0 0 0 0 0 0 
Cavilinga 1 0 0 0 0 0 
Chama 0 22 18 0 1 3 
Chione 0 466 503 0 360 218 
Chioniopsis 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
DeSoto 
May 
2008, 
Site 1, 
Unit 3 
DeSoto 
May 
2008, 
Trans 3, 
Unit 3 
Caloosa 
Shell, 
Bulk # 5  
FSD, 
Unit # 
4 
FSD, 
Unit # 
5 
Chlamys 0 0 0 0 0 0 
Choristodon 0 0 0 0 0 0 
Codakia 1 0 0 0 0 0 
Conradostrea 0 0 0 0 0 0 
Corbula 0 0 0 0 0 0 
Crassatellites  0 0 0 0 0 0 
Crassinella 0 0 0 0 0 0 
Crassostrea 0 4 4 0 7 0 
Cryptostrea 0 0 0 0 0 0 
Ctena 1 0 0 0 1 0 
Ctenocardia 0 0 9 0 0 0 
Ctenoides 0 0 0 0 0 0 
Cucullaearca 0 0 0 0 0 0 
Cumingia 1 0 0 0 0 0 
Cuspidaria c 0 0 0 0 0 
Cyclinella 0 0 0 0 0 0 
Cymatoica 1 0 0 0 0 0 
Dallocardia 0 4 2 0 0 0 
Dentalium 1 0 0 0 0 0 
Dinocardium 0 0 0 0 2 0 
Diplodonta 0 2 0 0 0 0 
Divalinga 1 0 0 0 2 0 
Divaricella 1 0 0 0 0 0 
Donax 0 0 0 0 0 0 
Dosinia 0 1 2 0 1 0 
Echinochama 0 0 0 0 0 0 
Elliptotellina 1 0 0 5 0 0 
Ensitellops 0 0 0 0 0 0 
Ervilia 0 0 0 0 0 0 
Erycina 0 0 0 0 0 0 
Eucrassatella 0 0 0 0 0 0 
Eurytellina 1 1 3 0 0 0 
Euvola 0 0 0 0 0 0 
Fulgeria 0 0 0 0 0 0 
Gari 0 0 0 0 0 0 
Gastrochaena 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
DeSoto 
May 
2008, 
Site 1, 
Unit 3 
DeSoto 
May 
2008, 
Trans 3, 
Unit 3 
Caloosa 
Shell, 
Bulk # 5  
FSD, 
Unit # 
4 
FSD, 
Unit # 
5 
Gemma 0 0 0 0 0 0 
Geukensia 0 0 0 0 0 0 
Glans 0 0 0 0 0 0 
Glycymeris 0 0 0 0 0 0 
Gouldia 0 0 0 0 0 0 
Hemimetis 1 0 0 0 0 0 
Hyotissa 0 0 0 0 0 0 
Iphigenia 0 0 0 0 0 0 
Ischadium 0 0 0 0 23 6 
Isognomon 0 2 0 0 0 0 
Juliacorbula 0 0 0 0 0 0 
Laciolina 1 0 0 0 0 0 
Laevicardium 0 0 0 0 0 0 
Lepopecten 0 0 0 0 0 0 
Lindapecten 0 0 0 0 0 0 
Linga 1 0 0 0 0 0 
Lirophora 0 0 0 0 1 0 
Lithophaga 0 0 0 0 0 0 
Lucina 1 0 0 0 12 0 
Lucinisca 1 0 3 0 14 13 
Lyonsia 0 0 0 0 0 0 
Macoma 1 0 0 0 0 0 
Macrocallista 0 2 4 6 6 2 
Mactrotoma 0 0 0 1 0 0 
Mercenaria 0 0 0 0 1 0 
Merisca 1 0 0 0 0 0 
Modiolus 0 0 0 0 0 0 
Montacuta 0 0 0 0 0 0 
Mulinia 0 2 0 13 1 1 
Myrtea 1 0 0 0 0 0 
Nodipecten 0 1 0 0 0 0 
Noetia 1 0 0 0 0 0 
Nucula  1 0 0 0 0 0 
Nuculana 1 0 0 0 0 0 
Ostrea 0 14 9 0 28 2 
Oyster 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
DeSoto 
May 
2008, 
Site 1, 
Unit 3 
DeSoto 
May 
2008, 
Trans 3, 
Unit 3 
Caloosa 
Shell, 
Bulk # 5  
FSD, 
Unit # 
4 
FSD, 
Unit # 
5 
Pandora 0 0 0 0 0 0 
Panopea 0 0 0 0 0 0 
Parvilucina 1 0 0 12 0 0 
Pecten 0 0 0 0 0 0 
Pectinid 0 0 0 0 0 0 
Periploma 0 0 0 1 0 0 
Perna 0 0 0 0 0 0 
Phacoides 1 0 0 0 0 0 
Phyctiderma 0 0 0 0 0 0 
Phyllodina 1 0 0 0 0 0 
Pinna/Atrina?  0 0 0 0 0 0 
Pitar  0 1 9 0 0 0 
Pitarenus 0 0 0 0 0 0 
Pleurolucina 1 0 0 0 0 0 
Pleuromeris 0 7 0 0 0 0 
Plicatula  0 7 3 1 10 2 
Polymesoda 0 0 0 0 0 0 
Psammotreta 1 0 0 0 0 0 
Pseudochama 0 0 0 0 0 0 
Pteria 0 4 2 0 0 0 
Radiolucina 1 0 0 1 0 0 
Raeta 0 0 0 0 2 0 
Rangia  1 0 0 0 0 0 
Scapharca 0 0 0 0 0 0 
Scissula 1 0 0 0 0 0 
Semele 1 0 1 0 0 0 
Solecurtus 0 0 1 0 0 0 
Spathochlamys 0 0 1 0 1 0 
Spisula 1 0 0 0 0 0 
Spondylus 0 0 0 0 0 0 
Sportella 0 0 0 0 0 0 
Stewartia 1 1 0 0 61 1 
Tagelus 0 0 3 0 1 0 
Tellidora 1 0 0 0 3 0 
Tellina 1 0 2 0 0 0 
Tellinella 1 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
DeSoto 
May 
2008, 
Site 1, 
Unit 3 
DeSoto 
May 
2008, 
Trans 3, 
Unit 3 
Caloosa 
Shell, 
Bulk # 5  
FSD, 
Unit # 
4 
FSD, 
Unit # 
5 
Tellinidae 1 0 0 0 0 0 
Thracia 0 0 0 0 0 0 
Timoclea 0 1 0 0 0 0 
Tivela 0 0 0 0 0 0 
Trachycardium 0 6 2 0 3 0 
Transenella 0 0 1 8 55 70 
Trigonocardia 0 0 0 0 0 0 
Tucetona 0 0 0 0 0 0 
Varicorbula 0 150 101 0 13 18 
Venericardia 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
DeSoto, 
Bulk # 3 
Longan 
Lake, 
Unit # 2C  
Longan 
Lake, 
Unit # 3C  
Longan 
Lake, 
Unit # 4C  
Longan 
Lake, 
Unit # 5C  
Abra 1 0 0 0 2 1 
Acorylus 1 0 0 0 0 0 
Aequipecten 0 0 8 16 12 8 
Alectryonia 0 0 0 0 0 0 
Aligena 0 0 0 0 0 0 
Americardia 0 1 0 0 0 0 
Amusium 0 0 0 0 0 0 
Anadara  0 53 4 3 12 4 
Anadontia 1 3 1 1 40 0 
Angulus 1 25 0 0 0 0 
Anomalocardia 0 300 4 1 1 0 
Anomia 0 0 10 35 41 9 
Arca  0 0 0 0 1 0 
Arcinella 0 28 0 0 0 0 
Arcopsis 0 62 2 7 11 7 
Argopecten 0 0 0 0 0 0 
Astarte 0 0 0 0 0 1 
Barbatia 0 0 0 0 0 0 
Basterotia 0 0 0 0 0 0 
Bornia 0 0 0 0 0 0 
Bothrocorbula 0 0 0 0 0 0 
Brachidontes 0 169 6 16 72 8 
Bractechlamys 0 0 0 0 0 0 
Callucina 1 2 0 0 0 0 
Cardita 0 0 0 0 0 0 
Carditamera 0 40 83 23 9 25 
Carditopsis 0 0 0 0 0 0 
Cardium 0 0 0 0 0 0 
Carolinapecten 0 0 0 0 0 0 
Carycorbula 0 16 0 0 0 0 
Cavilinga 1 0 0 0 0 0 
Chama 0 10 13 1 7 0 
Chione 0 2787 1157 331 364 1019 
Chioniopsis 0 1 0 0 0 0 
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Table A.1 (continued). 
Genus Feeding 
mode 
DeSoto, 
Bulk # 3 
Longan 
Lake, 
Unit # 2C  
Longan 
Lake, 
Unit # 3C  
Longan 
Lake, 
Unit # 4C  
Longan 
Lake, 
Unit # 5C  
Chlamys 0 0 0 0 0 0 
Choristodon 0 0 0 0 0 0 
Codakia 1 0 2 5 1 5 
Conradostrea 0 0 0 0 0 0 
Corbula 0 0 48 1 25 0 
Crassatellites  0 0 0 0 0 0 
Crassinella 0 0 0 5 14 0 
Crassostrea 0 0 0 0 0 0 
Cryptostrea 0 0 0 0 0 0 
Ctena 1 0 0 0 0 0 
Ctenocardia 0 0 0 0 0 0 
Ctenoides 0 0 0 0 0 0 
Cucullaearca 0 26 0 0 0 0 
Cumingia 1 0 0 0 0 0 
Cuspidaria c 0 0 0 0 0 
Cyclinella 0 0 0 0 0 0 
Cymatoica 1 0 0 0 0 0 
Dallocardia 0 1 0 0 0 0 
Dentalium 1 0 0 0 0 0 
Dinocardium 0 0 14 5 9 2 
Diplodonta 0 5 0 0 3 0 
Divalinga 1 0 0 0 0 0 
Divaricella 1 0 25 56 50 9 
Donax 0 0 19 7 63 12 
Dosinia 0 16 0 2 9 6 
Echinochama 0 0 0 0 9 0 
Elliptotellina 1 0 0 0 0 0 
Ensitellops 0 0 0 0 0 0 
Ervilia 0 0 0 0 0 0 
Erycina 0 5 0 1 8 1 
Eucrassatella 0 0 0 0 0 0 
Eurytellina 1 2 0 0 0 0 
Euvola 0 0 0 0 0 0 
Fulgeria 0 0 0 0 0 0 
Gari 0 0 0 0 0 0 
Gastrochaena 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
DeSoto, 
Bulk # 3 
Longan 
Lake, 
Unit # 2C  
Longan 
Lake, 
Unit # 3C  
Longan 
Lake, 
Unit # 4C  
Longan 
Lake, 
Unit # 5C  
Gemma 0 0 0 0 0 0 
Geukensia 0 0 0 0 0 0 
Glans 0 0 0 0 0 0 
Glycymeris 0 1 6 1 5 0 
Gouldia 0 0 0 0 0 0 
Hemimetis 1 0 0 0 0 0 
Hyotissa 0 0 0 0 0 0 
Iphigenia 0 0 0 0 0 0 
Ischadium 0 0 0 0 0 0 
Isognomon 0 0 0 0 0 0 
Juliacorbula 0 0 0 0 0 0 
Laciolina 1 0 0 0 0 0 
Laevicardium 0 16 27 3 0 1 
Lepopecten 0 0 0 0 0 0 
Lindapecten 0 0 0 0 0 0 
Linga 1 2 0 0 0 0 
Lirophora 0 0 0 0 0 0 
Lithophaga 0 0 0 0 0 0 
Lucina 1 1 164 315 170 52 
Lucinisca 1 35 0 0 0 0 
Lyonsia 0 0 0 0 0 0 
Macoma 1 1 0 0 0 0 
Macrocallista 0 15 18 51 17 3 
Mactrotoma 0 1 0 0 0 0 
Mercenaria 0 2 0 0 0 0 
Merisca 1 6 0 0 0 0 
Modiolus 0 3 1 0 5 1 
Montacuta 0 0 0 0 0 0 
Mulinia 0 5 0 3 0 0 
Myrtea 1 0 7 6 36 0 
Nodipecten 0 0 0 0 0 0 
Noetia 1 0 0 0 0 0 
Nucula  1 0 0 0 2 0 
Nuculana 1 0 0 1 0 0 
Ostrea 0 0 0 0 0 0 
Oyster 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
DeSoto, 
Bulk # 3 
Longan 
Lake, 
Unit # 2C  
Longan 
Lake, 
Unit # 3C  
Longan 
Lake, 
Unit # 4C  
Longan 
Lake, 
Unit # 5C  
Pandora 0 0 0 0 0 0 
Panopea 0 0 0 0 0 0 
Parvilucina 1 1 0 0 0 0 
Pecten 0 0 0 0 0 0 
Pectinid 0 0 0 0 0 0 
Periploma 0 0 0 0 0 0 
Perna 0 0 0 0 0 0 
Phacoides 1 0 0 0 0 0 
Phyctiderma 0 0 0 0 0 0 
Phyllodina 1 0 0 0 0 0 
Pinna/Atrina?  0 0 0 0 0 0 
Pitar  0 92 4 2 72 18 
Pitarenus 0 0 0 0 0 0 
Pleurolucina 1 0 0 0 0 0 
Pleuromeris 0 0 0 0 1 0 
Plicatula  0 10 46 132 40 55 
Polymesoda 0 0 0 0 0 0 
Psammotreta 1 0 0 0 0 0 
Pseudochama 0 0 1 1 13 12 
Pteria 0 0 4 2 214 12 
Radiolucina 1 0 0 0 0 0 
Raeta 0 0 0 0 0 0 
Rangia  1 0 0 0 0 0 
Scapharca 0 1 0 0 0 0 
Scissula 1 0 0 0 0 0 
Semele 1 1 4 0 5 0 
Solecurtus 0 0 0 0 1 0 
Spathochlamys 0 0 0 0 8 0 
Spisula 1 0 0 0 0 0 
Spondylus 0 0 0 0 0 0 
Sportella 0 0 0 0 0 0 
Stewartia 1 2 0 0 0 0 
Tagelus 0 6 0 0 0 0 
Tellidora 1 26 0 2 8 0 
Tellina 1 0 0 2 85 1 
Tellinella 1 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
DeSoto, 
Bulk # 3 
Longan 
Lake, 
Unit # 2C  
Longan 
Lake, 
Unit # 3C  
Longan 
Lake, 
Unit # 4C  
Longan 
Lake, 
Unit # 5C  
Tellinidae 1 0 0 0 0 0 
Thracia 0 0 0 0 0 0 
Timoclea 0 2 0 0 0 0 
Tivela 0 0 0 0 0 0 
Trachycardium 0 46 14 10 9 4 
Transenella 0 44 682 141 268 243 
Trigonocardia 0 0 6 2 4 0 
Tucetona 0 0 0 0 0 0 
Varicorbula 0 647 0 9 63 3 
Venericardia 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
Longan 
Lake, 
Unit # 6C  
GKK-
FLMNH 
Caloosa 
Shell, 
Bulk # 1 
Caloosa 
Shell, 
Bulk # 2 
Caloosa 
Shell, 
Bulk # 6 
Abra 1 0 0 3 1 0 
Acorylus 1 0 1 0 0 0 
Aequipecten 0 60 0 0 0 0 
Alectryonia 0 0 0 0 0 0 
Aligena 0 0 0 0 0 0 
Americardia 0 0 0 0 0 0 
Amusium 0 0 0 0 0 0 
Anadara  0 15 56 40 41 168 
Anadontia 1 27 13 0 3 0 
Angulus 1 0 0 1 0 2 
Anomalocardia 0 3 0 0 0 3 
Anomia 0 42 13 11 44 22 
Arca  0 0 1 0 0 0 
Arcinella 0 49 8 0 0 0 
Arcopsis 0 0 0 0 0 0 
Argopecten 0 0 16 1 1 22 
Astarte 0 0 0 0 0 0 
Barbatia 0 0 0 0 0 0 
Basterotia 0 0 0 0 0 0 
Bornia 0 0 0 0 0 0 
Bothrocorbula 0 0 0 0 0 0 
Brachidontes 0 15 1 0 0 21 
Bractechlamys 0 0 0 0 0 0 
Callucina 1 0 7 6 0 0 
Cardita 0 0 0 0 0 0 
Carditamera 0 46 23 1 3 6 
Carditopsis 0 0 0 0 0 0 
Cardium 0 0 0 0 0 0 
Carolinapecten 0 0 0 0 0 0 
Carycorbula 0 0 0 0 0 0 
Cavilinga 1 0 0 0 0 0 
Chama 0 0 28 0 0 0 
Chione 0 1913 8 424 467 170 
Chioniopsis 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
Longan 
Lake, 
Unit # 6C  
GKK-
FLMNH 
Caloosa 
Shell, 
Bulk # 1 
Caloosa 
Shell, 
Bulk # 2 
Caloosa 
Shell, 
Bulk # 6 
Chlamys 0 0 0 0 0 0 
Choristodon 0 0 0 0 0 0 
Codakia 1 14 0 0 0 0 
Conradostrea 0 0 0 0 0 0 
Corbula 0 0 0 0 0 0 
Crassatellites  0 0 0 0 0 0 
Crassinella 0 0 0 0 0 0 
Crassostrea 0 0 0 3 1 0 
Cryptostrea 0 0 0 0 0 0 
Ctena 1 0 0 0 0 0 
Ctenocardia 0 0 7 0 0 0 
Ctenoides 0 0 0 0 0 0 
Cucullaearca 0 0 0 0 0 0 
Cumingia 1 0 0 0 0 0 
Cuspidaria c 0 0 0 0 0 
Cyclinella 0 0 0 0 0 0 
Cymatoica 1 0 0 0 0 0 
Dallocardia 0 0 2 0 0 1 
Dentalium 1 0 0 0 2 0 
Dinocardium 0 4 0 0 0 0 
Diplodonta 0 1 1 0 1 0 
Divalinga 1 0 9 0 0 0 
Divaricella 1 9 0 0 0 0 
Donax 0 14 0 0 0 0 
Dosinia 0 13 7 4 1 0 
Echinochama 0 0 0 0 0 0 
Elliptotellina 1 0 0 0 0 4 
Ensitellops 0 0 0 0 0 0 
Ervilia 0 0 0 2 0 0 
Erycina 0 1 0 0 0 0 
Eucrassatella 0 0 12 0 0 0 
Eurytellina 1 0 4 5 0 0 
Euvola 0 1 0 0 0 0 
Fulgeria 0 0 1 0 0 0 
Gari 0 0 0 0 0 0 
Gastrochaena 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
Longan 
Lake, 
Unit # 6C  
GKK-
FLMNH 
Caloosa 
Shell, 
Bulk # 1 
Caloosa 
Shell, 
Bulk # 2 
Caloosa 
Shell, 
Bulk # 6 
Gemma 0 0 0 0 0 0 
Geukensia 0 0 0 0 0 0 
Glans 0 0 0 0 0 0 
Glycymeris 0 5 0 0 0 0 
Gouldia 0 0 0 0 0 0 
Hemimetis 1 0 0 0 0 0 
Hyotissa 0 0 0 0 0 0 
Iphigenia 0 0 0 0 0 0 
Ischadium 0 0 0 0 0 0 
Isognomon 0 0 0 0 0 0 
Juliacorbula 0 0 0 0 0 0 
Laciolina 1 0 0 0 0 0 
Laevicardium 0 6 26 0 0 1 
Lepopecten 0 0 0 0 0 0 
Lindapecten 0 12 7 0 0 0 
Linga 1 0 0 0 0 0 
Lirophora 0 0 9 0 0 0 
Lithophaga 0 0 0 0 0 0 
Lucina 1 159 5 0 0 0 
Lucinisca 1 0 8 0 0 0 
Lyonsia 0 0 0 1 0 0 
Macoma 1 0 3 0 0 0 
Macrocallista 0 5 16 1 1 4 
Mactrotoma 0 0 0 0 0 0 
Mercenaria 0 13 1 1 2 0 
Merisca 1 0 0 0 0 0 
Modiolus 0 1 0 0 0 0 
Montacuta 0 0 0 0 0 0 
Mulinia 0 0 1 7 3 33 
Myrtea 1 1 0 0 0 0 
Nodipecten 0 0 0 0 0 0 
Noetia 1 0 1 1 5 0 
Nucula  1 0 0 0 0 0 
Nuculana 1 2 0 0 0 0 
Ostrea 0 0 1 0 1 0 
Oyster 0 0 1 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
Longan 
Lake, 
Unit # 6C  
GKK-
FLMNH 
Caloosa 
Shell, 
Bulk # 1 
Caloosa 
Shell, 
Bulk # 2 
Caloosa 
Shell, 
Bulk # 6 
Pandora 0 1 0 0 0 0 
Panopea 0 0 0 0 0 0 
Parvilucina 1 6 0 21 40 13 
Pecten 0 0 0 0 0 0 
Pectinid 0 0 0 0 0 0 
Periploma 0 0 0 0 0 0 
Perna 0 0 0 0 0 0 
Phacoides 1 0 0 0 0 0 
Phyctiderma 0 0 0 0 0 0 
Phyllodina 1 0 0 0 0 0 
Pinna/Atrina?  0 0 0 0 0 0 
Pitar  0 7 2 0 0 0 
Pitarenus 0 0 2 0 0 0 
Pleurolucina 1 0 0 0 0 0 
Pleuromeris 0 0 0 0 0 0 
Plicatula  0 33 10 0 2 4 
Polymesoda 0 0 0 0 0 0 
Psammotreta 1 0 0 0 0 0 
Pseudochama 0 14 0 0 0 0 
Pteria 0 25 1 0 0 0 
Radiolucina 1 0 0 0 3 0 
Raeta 0 0 0 4 1 0 
Rangia  1 0 0 0 0 0 
Scapharca 0 0 0 0 0 0 
Scissula 1 0 0 0 0 0 
Semele 1 0 0 0 0 0 
Solecurtus 0 2 0 0 0 0 
Spathochlamys 0 0 0 0 0 0 
Spisula 1 0 0 0 0 0 
Spondylus 0 0 1 0 0 0 
Sportella 0 0 0 0 0 0 
Stewartia 1 0 0 0 0 2 
Tagelus 0 2 0 0 0 3 
Tellidora 1 5 1 0 2 0 
Tellina 1 5 0 0 1 0 
Tellinella 1 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
Longan 
Lake, 
Unit # 6C  
GKK-
FLMNH 
Caloosa 
Shell, 
Bulk # 1 
Caloosa 
Shell, 
Bulk # 2 
Caloosa 
Shell, 
Bulk # 6 
Tellinidae 1 0 0 0 0 0 
Thracia 0 0 0 0 0 0 
Timoclea 0 0 0 0 0 0 
Tivela 0 0 0 0 0 0 
Trachycardium 0 17 12 2 1 1 
Transenella 0 143 1 0 0 13 
Trigonocardia 0 1 0 0 0 0 
Tucetona 0 0 12 0 0 0 
Varicorbula 0 12 0 0 0 0 
Venericardia 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
Caloosa 
Shell, 
Bulk # 7 
Mira 
Largo, 
Bulk # 4 
Bermont 
Pit,  Unit 
# 1 
Bermont 
Pit,  Unit 
# 7 
Bermont 
Pit,  Unit 
# 9 
Abra 1 0 0 0 0 13 
Acorylus 1 0 0 0 1 0 
Aequipecten 0 0 0 0 0 0 
Alectryonia 0 0 0 0 7 13 
Aligena 0 0 0 0 0 0 
Americardia 0 0 0 0 1 0 
Amusium 0 0 0 0 0 0 
Anadara  0 68 29 1 6 43 
Anadontia 1 0 0 0 3 15 
Angulus 1 2 0 0 0 1 
Anomalocardia 0 0 0 0 0 0 
Anomia 0 10 6 0 18 36 
Arca  0 0 0 0 0 1 
Arcinella 0 0 0 0 13 33 
Arcopsis 0 0 0 0 0 1 
Argopecten 0 0 0 1 1 9 
Astarte 0 0 0 0 0 0 
Barbatia 0 0 0 0 0 0 
Basterotia 0 0 0 0 0 0 
Bornia 0 0 0 0 0 0 
Bothrocorbula 0 0 0 0 0 0 
Brachidontes 0 11 0 0 0 2 
Bractechlamys 0 0 0 0 0 0 
Callucina 1 0 0 2 6 0 
Cardita 0 0 0 0 0 0 
Carditamera 0 4 0 1 1 4 
Carditopsis 0 0 0 0 0 0 
Cardium 0 0 0 0 0 0 
Carolinapecten 0 0 0 0 0 1 
Carycorbula 0 0 0 0 0 0 
Cavilinga 1 0 0 0 0 0 
Chama 0 0 0 0 5 9 
Chione 0 204 280 331 58 464 
Chioniopsis 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
Caloosa 
Shell, 
Bulk # 7 
Mira 
Largo, 
Bulk # 4 
Bermont 
Pit,  Unit 
# 1 
Bermont 
Pit,  Unit 
# 7 
Bermont 
Pit,  Unit 
# 9 
Chlamys 0 0 0 0 0 0 
Choristodon 0 0 0 0 0 0 
Codakia 1 0 0 0 0 0 
Conradostrea 0 0 0 0 0 0 
Corbula 0 0 0 0 0 0 
Crassatellites  0 0 0 0 0 0 
Crassinella 0 0 0 0 0 2 
Crassostrea 0 0 0 0 0 0 
Cryptostrea 0 0 0 0 0 0 
Ctena 1 0 0 0 0 0 
Ctenocardia 0 0 0 0 0 0 
Ctenoides 0 0 0 0 0 0 
Cucullaearca 0 0 0 0 0 0 
Cumingia 1 0 0 0 0 0 
Cuspidaria c 0 0 0 0 0 
Cyclinella 0 0 0 0 0 0 
Cymatoica 1 0 0 0 0 0 
Dallocardia 0 1 0 0 0 0 
Dentalium 1 0 0 0 0 0 
Dinocardium 0 0 1 0 0 0 
Diplodonta 0 2 0 0 2 10 
Divalinga 1 0 0 1 15 9 
Divaricella 1 0 0 0 0 0 
Donax 0 0 0 0 0 0 
Dosinia 0 1 2 2 2 5 
Echinochama 0 0 0 0 0 0 
Elliptotellina 1 4 0 0 0 0 
Ensitellops 0 0 0 0 0 0 
Ervilia 0 0 0 0 0 0 
Erycina 0 0 0 0 0 1 
Eucrassatella 0 0 0 0 2 2 
Eurytellina 1 0 0 0 0 1 
Euvola 0 0 0 0 0 0 
Fulgeria 0 0 0 0 0 0 
Gari 0 0 0 0 0 0 
Gastrochaena 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
Caloosa 
Shell, 
Bulk # 7 
Mira 
Largo, 
Bulk # 4 
Bermont 
Pit,  Unit 
# 1 
Bermont 
Pit,  Unit 
# 7 
Bermont 
Pit,  Unit 
# 9 
Gemma 0 0 0 0 0 0 
Geukensia 0 0 0 0 0 0 
Glans 0 0 0 0 0 0 
Glycymeris 0 0 0 0 0 0 
Gouldia 0 0 0 0 0 0 
Hemimetis 1 0 0 0 0 0 
Hyotissa 0 0 0 0 0 0 
Iphigenia 0 0 0 0 0 0 
Ischadium 0 0 0 0 1 3 
Isognomon 0 0 0 0 0 0 
Juliacorbula 0 0 0 0 0 0 
Laciolina 1 0 0 0 0 0 
Laevicardium 0 0 2 2 0 0 
Lepopecten 0 0 0 0 0 0 
Lindapecten 0 0 0 0 0 0 
Linga 1 0 0 0 0 0 
Lirophora 0 0 0 0 0 0 
Lithophaga 0 0 0 0 0 0 
Lucina 1 0 0 0 2 0 
Lucinisca 1 0 0 0 7 19 
Lyonsia 0 0 0 0 0 0 
Macoma 1 0 0 0 0 0 
Macrocallista 0 6 0 9 1 1 
Mactrotoma 0 0 0 0 0 0 
Mercenaria 0 0 1 0 0 1 
Merisca 1 0 0 0 0 0 
Modiolus 0 0 1 0 0 6 
Montacuta 0 0 0 0 0 0 
Mulinia 0 19 0 193 5 67 
Myrtea 1 0 0 0 0 0 
Nodipecten 0 0 0 0 0 0 
Noetia 1 0 0 0 1 1 
Nucula  1 0 0 0 0 0 
Nuculana 1 0 0 0 0 0 
Ostrea 0 0 0 0 0 30 
Oyster 0 0 0 0 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
Caloosa 
Shell, 
Bulk # 7 
Mira 
Largo, 
Bulk # 4 
Bermont 
Pit,  Unit 
# 1 
Bermont 
Pit,  Unit 
# 7 
Bermont 
Pit,  Unit 
# 9 
Pandora 0 0 0 0 0 0 
Panopea 0 0 0 0 0 0 
Parvilucina 1 3 2 4 0 29 
Pecten 0 0 0 0 0 0 
Pectinid 0 0 0 0 0 0 
Periploma 0 0 0 0 0 0 
Perna 0 0 0 0 0 0 
Phacoides 1 2 0 0 0 0 
Phyctiderma 0 0 0 0 0 1 
Phyllodina 1 0 1 0 0 0 
Pinna/Atrina?  0 0 0 0 0 0 
Pitar  0 0 0 1 0 0 
Pitarenus 0 0 0 0 1 0 
Pleurolucina 1 0 0 0 0 0 
Pleuromeris 0 0 0 0 0 0 
Plicatula  0 1 1 0 2 20 
Polymesoda 0 0 0 0 0 0 
Psammotreta 1 0 0 0 0 0 
Pseudochama 0 0 0 0 0 0 
Pteria 0 0 0 0 0 1 
Radiolucina 1 0 0 0 0 1 
Raeta 0 0 0 0 1 3 
Rangia  1 0 0 0 0 0 
Scapharca 0 0 0 0 0 0 
Scissula 1 0 0 0 0 0 
Semele 1 0 0 0 1 0 
Solecurtus 0 0 0 0 0 2 
Spathochlamys 0 0 0 0 0 1 
Spisula 1 0 0 0 0 0 
Spondylus 0 0 0 0 0 0 
Sportella 0 0 0 0 0 0 
Stewartia 1 1 0 19 0 3 
Tagelus 0 2 5 0 0 0 
Tellidora 1 1 2 0 0 6 
Tellina 1 0 0 0 0 1 
Tellinella 1 0 0 1 0 0 
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Table A.1 (continued).  
Genus Feeding 
mode 
Caloosa 
Shell, 
Bulk # 7 
Mira 
Largo, 
Bulk # 4 
Bermont 
Pit,  Unit 
# 1 
Bermont 
Pit,  Unit 
# 7 
Bermont 
Pit,  Unit 
# 9 
Tellinidae 1 0 0 0 0 0 
Thracia 0 0 0 0 0 0 
Timoclea 0 0 0 0 0 0 
Tivela 0 0 0 0 0 0 
Trachycardium 0 2 1 2 1 3 
Transenella 0 16 0 76 0 1 
Trigonocardia 0 0 0 0 0 0 
Tucetona 0 0 0 0 0 0 
Varicorbula 0 0 0 0 261 2552 
Venericardia 0 0 0 0 0 0 
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Table B.1. Relative abundance of gastropod genera in the Tamiami formation. Abundance is 
calculated as the log transformed value of proportional abundance. Taxa going extinct at the 
following Caloosahatchee formation is denoted as 0, and survivor taxa is denote as 1. Feeding 
mode is denoted as carnivore (0), herbivore (1) or suspension feeder (2). Three difference 
proxies – number of subprovince, endemism and maximum distance between provinces – are 
used to measure geographic range (see text).  
Genus Relative 
abundance 
(log 
transformed) 
Survivor 
/ Extinct 
Feeding 
mode 
No. of 
Sub 
province 
Endemism Max. 
Distance 
Anachis -3.25 1 0 7 1 5907.31 
Antillophos -3.79 1 0 6 1 4102.11 
Apicula -2.73 1 2 1 0 690.78 
Architectonica -3.09 1 0 8 1 6066.82 
Babelomurex -3.49 1 0 1 0 690.78 
Bailya -4.09 1 0 2 1 3755.56 
Bostrycapulus -1.89 1 2 4 1 5907.31 
Brachycythara -3.79 1 0 4 1 4202.55 
Buchema -3.09 1 0 1 0 690.78 
Bulla -1.92 1 1 5 1 4070.44 
Bullata -4.09 1 0 4 1 4070.44 
Busycon -3.49 1 0 4 1 4205.41 
Busycotypus -2.71 1 0 3 1 2866.62 
Calliostoma -3.79 1 0 7 1 6066.82 
Calophos -3.62 0 0 3 1 4070.44 
Calotrophon -2.29 1 0 2 1 4070.44 
Calyptraea -2.45 1 2 7 1 5907.31 
Cancellaria -2.23 1 0 7 1 5907.31 
Cantharus -2.75 1 0 6 1 5907.31 
Carinodrillia -3.49 0 0 7 1 5907.31 
Carinorbis -3.62 0 0 - - - 
Cerithidea -2.86 1 1 2 1 2186.77 
Cerithioclava -2.75 1 1 2 1 2186.77 
Cerithiopsis -4.09 1 0 6 1 4066.75 
Cerithium -2.22 1 1 6 1 5907.31 
Cerodrillia -4.09 1 0 3 1 3778.8 
Chicoreus -2.57 1 0 6 1 5907.31 
Clathrodrillia -2.92 1 0 7 1 5907.31 
Columbella -3.14 1 1 7 1 5907.31 
Compsodrillia -3.39 1 0 7 1 6066.82 
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Table B.1 (continued).  
Genus Relative 
abundance 
(log 
transformed) 
Survivor 
/ Extinct 
Feeding 
mode 
No. of 
Sub 
province 
Endemism Max. 
Distance 
Conasprella -2.57 1 0 7 1 5907.31 
Conomitra -3.05 0 0 5 1 4533.48 
Contraconus -2.71 1 0 3 1 3778.8 
Conus -3.79 1 0 - - - 
Costoanachis -3.01 1 0 6 1 5907.31 
Crassispira -2.81 1 0 7 1 5907.31 
Crepidula -0.46 1 2 7 1 5907.31 
Crucibulum -0.88 1 2 7 1 5907.31 
Cryoturris -4.09 1 0 3 1 2186.77 
Cymatosyrinx -2.21 1 0 4 1 4191 
Cypraeaidaea -3.79 0 1 - - - 
Daphnella -3.14 1 0 7 1 5907.31 
Dentimargo -3.39 1 0 4 1 5907.31 
Diodora -3.01 1 1 9 1 6066.82 
Dispotaea -2.69 1 2 6 1 5907.31 
Echinofulgur -2.55 1 0 1 0 690.78 
Eichwaldiella -3.79 1 2 2 1 3755.56 
Epitonium -4.09 1 0 7 1 5907.31 
Eupleura -2.92 1 0 6 1 5907.31 
Fasciolaria -2.56 1 0 7 1 5907.31 
Favartia -3.31 1 0 6 1 5385.59 
Fulguropsis -3.31 1 0 3 1 2866.62 
Gemophos -4.09 1 0 5 1 5385.59 
Glyphostoma -3.39 1 0 8 1 6066.82 
Granoturris -4.09 1 0 - - - 
Heilprinia -2.43 1 0 1 0 690.78 
Heliacus -3.09 1 0 4 1 4066.75 
Hesperisternia -2.95 0 0 3 1 4070.44 
Hyalina -3.79 1 0 - - - 
Hystrivasum -3.09 1 0 3 1 3778.8 
Ianacus -2.77 1 2 7 1 5907.31 
Ithycythara -3.09 1 0 7 1 5907.31 
Jasperdella -4.09 1 0 3 1 3755.56 
Leptoconus -2.56 1 0 6 1 5907.31 
Lioglyphostoma -4.09 1 0 7 1 5907.31 
Lithoconus -3.05 1 0 6 1 5373.25 
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Table B.1 (continued).  
Genus Relative 
abundance 
(log 
transformed) 
Survivor 
/ Extinct 
Feeding 
mode 
No. of 
Sub 
province 
Endemism Max. 
Distance 
Lucapinella -3.79 1 1 4 1 4070.44 
Macgintopsis -3.39 1 0 - - - 
Macrostrombus -4.09 1 1 1 0 690.78 
Magelliconus -3.79 1 0 - - - 
Massyla -3.31 1 0 2 1 2071.64 
Melanella -3.19 1 0 5 1 6066.82 
Melongena -2.32 1 0 6 1 4066.75 
Microspira -2.69 1 0 6 1 5385.59 
Modulus -2.54 1 1 5 1 5385.59 
Monostiolum -4.09 1 0 3 1 3778.8 
Murexiella -2.95 1 0 7 1 5907.31 
Myurellina -3.39 0 0 7 1 5907.31 
Nassarius -1.98 1 0 8 1 6066.82 
Naticarius -2.36 1 0 8 1 6066.82 
Neverita -2.34 1 0 6 1 5907.31 
Niso -3.62 1 0 7 1 4844.27 
Niveria -4.09 1 0 3 1 4070.44 
Ochetoclava -2.39 1 1 5 1 4066.75 
Oliva -2.35 1 0 7 1 5907.31 
Olivella -1.75 1 0 8 1 6066.82 
Pachycheilus -2.89 0 
 
- - - 
Paranassa -4.09 1 0 - - - 
Perplicaria -4.09 1 0 1 0 690.78 
Persicula -3.62 1 0 6 1 5907.31 
Petaloconchus -1.16 1 2 5 1 4070.44 
Phyllonotus -3.49 1 0 7 1 6066.82 
Pilsbryspira -2.71 1 0 - - - 
Pleioptygma -2.63 1 0 4 1 4191 
Polinices -2.65 1 0 7 1 5907.31 
Potamides -3.25 1 1 6 1 6066.82 
Prunum -1.71 1 0 3 1 4070.44 
Ptychosalpinx -3.05 1 0 3 1 3778.8 
Pyramidella -3.14 1 0 3 1 4066.75 
Pyrazisinus -0.83 1 1 3 1 3778.8 
Pyrgospira -3.79 1 0 - - - 
Pyruella -2.65 1 0 4 1 3778.8 
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Table B.1 (continued).  
Genus Relative 
abundance 
(log 
transformed) 
Survivor 
/ Extinct 
Feeding 
mode 
No. of 
Sub 
province 
Endemism Max. 
Distance 
Scaphella -3.62 1 0 4 1 4191 
Sconsia -3.79 1 0 6 1 4066.75 
Sedilia -2.89 1 0 1 0 690.78 
Sinistrofulgur -2.75 1 0 3 1 2866.62 
Siphocypraea -3.49 1 0 3 1 3778.8 
Solenosteira -2.52 1 0 2 1 2071.64 
Splendrillia -3.62 1 0 2 1 2186.77 
Stigmaulax -2.36 1 0 7 1 5907.31 
Stramonita -3.62 1 0 4 1 4070.44 
Strictispira -3.14 1 0 - - - 
Strioterebrum -1.71 1 0 8 1 6066.82 
Strombina -2.12 1 0 4 1 4070.44 
Strombinophos -2.52 1 0 5 1 4070.44 
Strombus -1.52 1 1 6 1 5907.31 
Subcancilla -2.59 1 0 8 1 6066.82 
Subpterynotus -4.09 1 0 6 1 5907.31 
Suturoglypta -3.62 1 0 - - - 
Talityphis -3.14 1 0 7 1 5907.31 
Tegula -2.54 1 1 3 1 4066.75 
Tenaturris -3.25 1 0 3 1 3755.56 
Terebra -3.62 1 0 7 1 6066.82 
Terebraspira -3.14 1 0 2 1 1361.2 
Thiarinella -2.46 1 0 2 1 2186.77 
Torcula -2.03 1 2 4 1 4070.44 
Torculoidella -2.54 1 2 2 1 2866.62 
Trajana -4.09 0 0 5 1 6066.82 
Trigonostoma -4.09 1 0 6 1 5907.31 
Triplofusus -3.19 1 0 3 1 3778.8 
Tritonoharpa -3.62 1 0 1 0 690.78 
Trivia -3.19 1 0 6 1 5907.31 
Trossulasalpinx -2.95 1 0 1 0 690.78 
Turbinella -3.62 1 0 7 1 5907.31 
Turbinellidae -4.09 0 0 - - - 
Turbinidae -3.31 1 1 - - - 
Turbo -3.05 1 1 7 1 6066.82 
Turbonilla -3.39 1 0 8 1 6066.82 
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Table B.1 (continued).  
Genus Relative 
abundance 
(log 
transformed) 
Survivor 
/ Extinct 
Feeding 
mode 
No. of 
Sub 
province 
Endemism Max. 
Distance 
Turridae -3.49 1 0 - - - 
Turritella -4.09 1 2 7 1 5907.31 
Ventrilia -3.79 1 0 2 1 4070.44 
Vermicularia -2.73 1 2 6 1 5907.31 
Vexillum -4.09 1 0 7 1 5907.31 
Virgiconus -4.09 0 0 1 0 690.78 
Vokesinotus -2.38 1 0 2 1 2866.62 
Xenophora -3.62 1 1 5 1 4070.44 
Ximenoconus -3.39 1 0 3 1 4070.44 
Zafrona -2.86 1 1 - - - 
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Table B.2. Relative abundance of gastropod genera in the Caloosahatchee formation. 
Abundance is calculated as the log transformed value of proportional abundance. Taxa going 
extinct at the following Bermont formation is denoted as 0, and survivor taxa is denote as 1. 
Feeding mode is denoted as carnivore (0), herbivore (1) or suspension feeder (2). Three 
difference proxies – number of subprovince, endemism and maximum distance between 
provinces – are used to measure geographic range (see text).  
Genus Relative 
abundance 
(log 
transformed) 
Survivor 
/ Extinct 
Feeding 
mode 
No. of 
Sub 
province 
Endemism Max. 
Distance 
Alvolia 0.30 0 - - - - 
Apicula 1.48 0 2 1 0 690.78 
Astraea 1.00 1 1 3 1 4070.44 
Babelomurex 0.30 1 0 1 0 690.78 
Bactrospira 2.11 0 2 7 1 5907.31 
Bailya 0.00 1 0 2 1 3755.56 
Bostrycapulus 2.49 1 2 4 1 5907.31 
Bulla  1.46 1 1 5 1 4070.44 
Bullata 0.85 1 0 4 1 4070.44 
Busycoarctum 0.30 1 0 1 0 690.78 
Busycon 0.78 1 0 4 1 4205.41 
Busycotypus 1.30 1 0 3 1 2866.62 
Calliostoma 0.90 1 0 7 1 6066.82 
Calotrophon 1.81 1 0 2 1 4070.44 
Calyptraea 2.00 1 2 7 1 5907.31 
Cancellaria 1.53 1 0 7 1 5907.31 
Cantharus 0.85 1 0 6 1 5907.31 
Cerithioclava 1.08 1 2 2 1 2186.77 
Cerithium 2.32 1 2 6 1 5907.31 
Cerodrillia 0.70 1 0 3 1 3778.8 
Chicoreus 1.65 1 0 6 1 5907.31 
Cinctiscala 0.00 0 0 1 0 690.78 
Clathrodrillia 1.11 1 0 7 1 5907.31 
Conasprella 2.27 1 0 7 1 5907.31 
Costanachis 1.30 0 0 6 1 5907.31 
Crassispira 1.80 1 0 7 1 5907.31 
Crepidula 1.81 1 2 7 1 5907.31 
Crucibulum 2.91 1 2 7 1 5907.31 
Cymatosyrinx 1.94 1 0 4 1 4191 
Daphnella 0.30 1 0 7 1 5907.31 
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Table B.2 (continued).  
Genus Relative 
abundance 
(log 
transformed) 
Survivor 
/ Extinct 
Feeding 
mode 
No. of 
Sub 
province 
Endemism Max. 
Distance 
Dentimargo 0.60 1 0 4 1 5907.31 
Dermomurex 0.85 1 0 1 0 690.78 
Diodora 1.08 1 1 9 1 6066.82 
Dispotaea 0.60 1 2 6 1 5907.31 
Drillia 0.00 1 0 6 1 5907.31 
Echinofulgur 0.30 0 0 1 0 690.78 
Eichwaldiella 1.48 0 2 2 1 3755.56 
Engina 1.04 1 0 6 1 5907.31 
Epitonium 0.30 1 0 7 1 5907.31 
Eupleura 0.95 1 0 6 1 5907.31 
Fasciolaria 1.59 1 0 7 1 5907.31 
Favartia 0.78 1 0 6 1 5385.59 
Ficus 1.08 1 0 7 1 6066.82 
Fulguropsis 0.00 1 0 3 1 2866.62 
Gemophos 0.00 1 0 5 1 5385.59 
Glyphis 0.00 1 1 - - - 
Glyphostoma 0.78 1 0 8 1 6066.82 
Heilprinia 1.57 1 0 1 0 690.78 
Hemitoma 0.00 1 1 4 1 4070.44 
Hindsiclava 0.48 1 0 4 1 4070.44 
Hystrivasum 0.78 0 0 3 1 3778.8 
Ianacus 0.90 1 2 7 1 5907.31 
Ilyanassa 0.00 1 0 3 1 3778.8 
Ithycythara 0.78 1 0 7 1 5907.31 
Latirus 0.00 1 0 4 1 4070.44 
Leptoconus 1.56 1 0 6 1 5907.31 
Lithoconus 0.78 1 0 6 1 5373.25 
Lucapinella 0.60 1 1 4 1 4070.44 
Macgintopsis 0.48 0 0 - - - 
Macrostrombus 1.56 1 1 1 0 690.78 
Magelliconus 0.00 1 0 - - - 
Massyla 0.85 0 0 2 1 2071.64 
Melongena  1.20 1 0 6 1 4066.75 
Microspira 0.48 0 0 6 1 5385.59 
Modulus 1.43 1 1 5 1 5385.59 
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Table B.2 (continued).  
Genus Relative 
abundance 
(log 
transformed) 
Survivor 
/ Extinct 
Feeding 
mode 
No. of 
Sub 
province 
Endemism Max. 
Distance 
Murexiella 0.95 1 0 7 1 5907.31 
Nassarius  1.67 1 0 8 1 6066.82 
Naticarius 2.15 1 0 8 1 6066.82 
Neverita 1.15 1 0 6 1 5907.31 
Niso 0.85 1 0 7 1 4844.27 
Niveria 0.00 1 0 3 1 4070.44 
Ochetoclava 0.78 0 1 5 1 4066.75 
Oliva  1.76 1 0 7 1 5907.31 
Olivella 1.04 1 0 8 1 6066.82 
Perplicaria 0.00 0 0 1 0 690.78 
Persicula 0.48 1 0 6 1 5907.31 
Petaloconchus 2.13 1 2 5 1 4070.44 
Phyllonotus 1.23 1 0 7 1 6066.82 
Pilsbryspira 0.30 1 0 - - - 
Pleioptygma 1.43 0 0 4 1 4191 
Polystira 1.28 1 0 8 1 6066.82 
Prunum 2.38 1 0 3 1 4070.44 
Pterorhytis 0.00 0 0 3 1 3778.8 
Pugnus 0.00 0 0 2 1 2866.62 
Pyramidella 0.60 1 0 3 1 4066.75 
Pyruella 1.15 1 0 4 1 3778.8 
Rissoina 0.30 1 1 6 1 4066.75 
Scalanassa 0.48 0 0 - - - 
Scaphella 0.30 1 0 4 1 4191 
Sedilia 1.32 0 0 1 0 690.78 
Seila 0.00 1 0 5 1 6066.82 
Sinistrofulgur 1.23 1 0 3 1 2866.62 
Siphocypraea 0.48 0 1 3 1 3778.8 
Solenosteira 1.58 1 0 2 1 2071.64 
Splendrillia 0.48 1 0 2 1 2186.77 
Strioterebrum 1.34 1 0 8 1 6066.82 
Strombina 0.78 0 0 4 1 4070.44 
Strombinophos 0.00 0 0 5 1 4070.44 
Strombus 2.00 1 1 6 1 5907.31 
Subcancilla 0.48 0 0 8 1 6066.82 
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Table B.2 (continued).  
Genus Relative 
abundance 
(log 
transformed) 
Survivor 
/ Extinct 
Feeding 
mode 
No. of 
Sub 
province 
Endemism Max. 
Distance 
Subpterynotus 0.00 0 0 6 1 5907.31 
Suturoglypta 0.70 1 0 - - - 
Talityphis 1.00 0 0 7 1 5907.31 
Tegula 0.70 1 1 3 1 4066.75 
Tenaturris 0.48 1 0 3 1 3755.56 
Terebraspira 1.60 0 0 2 1 1361.2 
Thiarinella 1.00 1 0 2 1 2186.77 
Torcula 2.25 1 2 4 1 4070.44 
Torculoidella 2.21 1 2 2 1 2866.62 
Trigonostoma 1.28 1 0 6 1 5907.31 
Triplofusus 0.78 1 0 3 1 3778.8 
Tritonoharpa 1.08 1 0 1 0 690.78 
Trivia 0.60 1 0 6 1 5907.31 
Trossulasalpinx 1.26 0 0 1 0 690.78 
Turbinella 1.38 1 0 7 1 5907.31 
Turbinidae 0.48 1 1 - - - 
Turbo  1.00 1 1 7 1 6066.82 
Turridae 0.85 0 0 - - - 
Ventrilia 0.70 1 0 2 1 4070.44 
Vermicularia 1.08 1 2 6 1 5907.31 
Vokesimurex 1.57 1 0 6 1 4066.75 
Vokesinotus 1.69 1 0 2 1 2866.62 
Xenophora 0.85 1 1 5 1 4070.44 
Ximeniconus 0.00 0 0 2 1 4070.44 
Zafrona 0.70 1 1 - - - 
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Table C.1. Description of our bulk samples collected across four Late Neogene formations, their stratigraphic distributions, number of 
Chione valves and predation data.  
Unit Formation Stratigraphic age Total 
Number 
of 
Chione 
Complete 
Chione 
valve 
Muricid 
complete 
drillhole 
Muricid 
incomplet
e drillhole 
Naticid 
complete 
drillhole 
Naticid 
incomplet
e drillhole 
APAC, Bed 2, Bulk  17 Tamiami Late Pliocene 12 11 6 0 0 0 
APAC, Bed 2, Bulk  24 Tamiami Late Pliocene 38 32 4 0 1 0 
APAC, Bed 7, Bulk 26 Tamiami Late Pliocene 15 12 2 0 0 0 
APAC, Bed 7, Bulk  27 Tamiami Late Pliocene 109 88 7 1 2 2 
APAC, Bed 7, Bulk  28  Tamiami Late Pliocene 87 73 6 3 3 1 
APAC, Bed 7, Bulk 30 Tamiami Late Pliocene 261 237 36 9 10 5 
APAC, Bed 10, Bulk 28-
29 Tamiami Late Pliocene 40 24 5 0 2 0 
Piper Pit Caloosahatchee Early Pleistocene 6445 5045 230 10 89 2 
Miami Canal Caloosahatchee Early Pleistocene 218 105 7 0 3 0 
FSD Pit, Unit 1 Caloosahatchee Early Pleistocene 2039 1664 252 15 13 4 
DeSoto Pit Caloosahatchee Early Pleistocene 3757 2969 567 33 90 3 
St. Pete Caloosahatchee Early Pleistocene 610 429 83 2 18 0 
FSD Pit, Unit 3 Bermont Middle Pleistocene 3667 3150 290 22 12 5 
FSD Pit, Unit 4 Bermont Middle Pleistocene 1842 1357 123 2 20 0 
FSD Pit, Unit 5 Bermont Middle Pleistocene 809 351 24 5 4 2 
DeSoto Pit, PRI, Bulk 2 Bermont Middle Pleistocene 2407 2151 302 18 32 1 
DeSoto Pit, PRI, Bulk 3 Bermont Middle Pleistocene 5319 3864 592 12 81 1 
Longan Lake Pit, 6B-6C Bermont Middle Pleistocene 3811 3026 381 13 17 6 
Caloosa Shell Pit  Ft. Thompson Late Pleisocene 383 272 15 1 4 0 
Bermont Pit, Unit 1 Ft. Thompson Late Pleisocene 3376 2825 344 21 11 0 
Bermont Pit, Unit 7 Ft. Thompson Late Pleisocene 503 390 12 1 6 0 
Bermont Pit, Unit 9 Ft. Thompson Late Pleisocene 2214 1794 130 2 13 1 
Mira Largo Pit Ft. Thompson Late Pleisocene 540 455 67 3 9 0 
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Table C.2. Distribution of Chione prey size and predator size across the Late Neogene 
formations. Prey size is measured as the height of the Chione valve. Predator size is measured as 
the other borehole diameter. Log-transformed values of both size measures are used in regression 
and correlation analysis.  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Tamiami 1.23 2.93 Muricid 
Tamiami 1.07 2.86 Muricid 
Tamiami 1.39 3.13 Muricid 
Tamiami 0.94 2.43 Muricid 
Tamiami 1.33 3.25 Muricid 
Tamiami 1.34 3.13 Muricid 
Tamiami 1.24 3.14 Muricid 
Tamiami 1.24 3.26 Muricid 
Tamiami 0.67 3.16 Muricid 
Tamiami 1.10 2.90 Muricid 
Tamiami 1.20 3.02 Muricid 
Tamiami 1.00 2.70 Muricid 
Tamiami 1.10 2.27 Muricid 
Tamiami 1.36 3.30 Muricid 
Tamiami 1.23 3.30 Muricid 
Tamiami 1.27 3.16 Muricid 
Tamiami 1.11 2.86 Muricid 
Tamiami 1.34 3.38 Muricid 
Tamiami 1.39 3.28 Muricid 
Tamiami 1.39 3.12 Muricid 
Tamiami 1.19 3.40 Muricid 
Tamiami 0.58 2.10 Muricid 
Tamiami 1.39 3.31 Muricid 
Tamiami 1.38 3.29 Muricid 
Tamiami 0.69 2.41 Muricid 
Tamiami 1.13 2.97 Muricid 
Tamiami 0.99 2.80 Muricid 
Tamiami 0.45 2.30 Muricid 
Tamiami 1.26 3.39 Muricid 
Tamiami 1.59 3.33 Muricid 
Tamiami 1.18 3.31 Muricid 
Tamiami 1.20 3.21 Muricid 
Tamiami 1.07 3.35 Muricid 
Tamiami 1.23 3.02 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Tamiami 0.61 2.47 Muricid 
Tamiami 1.44 3.26 Muricid 
Tamiami 1.43 3.32 Muricid 
Tamiami 1.32 3.28 Muricid 
Tamiami 1.36 3.39 Muricid 
Tamiami 1.39 3.24 Muricid 
Tamiami 0.92 3.31 Muricid 
Tamiami 1.02 3.17 Muricid 
Tamiami 1.33 3.31 Muricid 
Tamiami 0.98 3.08 Muricid 
Tamiami 1.26 3.33 Muricid 
Tamiami 1.53 3.35 Muricid 
Tamiami 0.85 3.24 Muricid 
Tamiami 1.13 3.17 Muricid 
Tamiami 1.36 3.23 Muricid 
Tamiami 1.12 3.05 Muricid 
Tamiami 1.29 3.27 Muricid 
Tamiami 0.71 2.73 Muricid 
Tamiami 0.49 2.29 Muricid 
Tamiami 0.36 2.24 Muricid 
Tamiami 1.49 3.40 Muricid 
Tamiami 1.35 3.40 Muricid 
Tamiami 1.24 3.28 Muricid 
Tamiami 1.38 3.18 Muricid 
Tamiami 1.33 3.21 Muricid 
Tamiami 1.09 3.04 Muricid 
Tamiami 1.19 3.37 Muricid 
Tamiami 1.05 2.98 Muricid 
Tamiami 1.47 3.51 Muricid 
Tamiami 1.02 2.74 Muricid 
Tamiami 0.07 2.08 Muricid 
Caloosahatchee 0.01 2.09 Muricid 
Caloosahatchee 0.03 1.79 Muricid 
Caloosahatchee 0.04 2.45 Muricid 
Caloosahatchee 0.05 1.99 Muricid 
Caloosahatchee 0.07 1.73 Muricid 
Caloosahatchee 0.10 2.79 Muricid 
Caloosahatchee 0.14 1.97 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 0.15 1.97 Muricid 
Caloosahatchee 0.17 2.70 Muricid 
Caloosahatchee 0.17 2.60 Muricid 
Caloosahatchee 0.17 2.01 Muricid 
Caloosahatchee 0.18 1.93 Muricid 
Caloosahatchee 0.18 2.03 Muricid 
Caloosahatchee 0.18 3.03 Muricid 
Caloosahatchee 0.21 1.54 Muricid 
Caloosahatchee 0.23 2.04 Muricid 
Caloosahatchee 0.25 2.98 Muricid 
Caloosahatchee 0.25 2.03 Muricid 
Caloosahatchee 0.25 3.02 Muricid 
Caloosahatchee 0.26 2.94 Muricid 
Caloosahatchee 0.26 2.40 Muricid 
Caloosahatchee 0.26 2.98 Muricid 
Caloosahatchee 0.27 1.89 Muricid 
Caloosahatchee 0.29 2.31 Muricid 
Caloosahatchee 0.31 2.91 Muricid 
Caloosahatchee 0.34 2.54 Muricid 
Caloosahatchee 0.34 2.68 Muricid 
Caloosahatchee 0.34 2.34 Muricid 
Caloosahatchee 0.35 2.32 Muricid 
Caloosahatchee 0.36 2.40 Muricid 
Caloosahatchee 0.36 2.08 Muricid 
Caloosahatchee 0.37 3.14 Muricid 
Caloosahatchee 0.38 2.62 Muricid 
Caloosahatchee 0.39 2.75 Muricid 
Caloosahatchee 0.39 2.32 Muricid 
Caloosahatchee 0.40 2.46 Muricid 
Caloosahatchee 0.41 2.87 Muricid 
Caloosahatchee 0.41 2.71 Muricid 
Caloosahatchee 0.41 2.66 Muricid 
Caloosahatchee 0.41 3.32 Muricid 
Caloosahatchee 0.42 1.93 Muricid 
Caloosahatchee 0.43 2.20 Muricid 
Caloosahatchee 0.44 3.19 Muricid 
Caloosahatchee 0.44 2.21 Muricid 
Caloosahatchee 0.46 2.18 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 0.47 2.20 Muricid 
Caloosahatchee 0.48 2.90 Muricid 
Caloosahatchee 0.50 2.40 Muricid 
Caloosahatchee 0.51 2.05 Muricid 
Caloosahatchee 0.51 2.31 Muricid 
Caloosahatchee 0.51 2.14 Muricid 
Caloosahatchee 0.52 2.54 Muricid 
Caloosahatchee 0.53 2.12 Muricid 
Caloosahatchee 0.53 2.49 Muricid 
Caloosahatchee 0.53 2.62 Muricid 
Caloosahatchee 0.54 2.33 Muricid 
Caloosahatchee 0.54 2.00 Muricid 
Caloosahatchee 0.55 2.14 Muricid 
Caloosahatchee 0.55 2.52 Muricid 
Caloosahatchee 0.56 3.15 Muricid 
Caloosahatchee 0.57 3.26 Muricid 
Caloosahatchee 0.57 2.29 Muricid 
Caloosahatchee 0.57 2.62 Muricid 
Caloosahatchee 0.58 2.89 Muricid 
Caloosahatchee 0.58 2.71 Muricid 
Caloosahatchee 0.58 2.62 Muricid 
Caloosahatchee 0.59 2.97 Muricid 
Caloosahatchee 0.59 3.11 Muricid 
Caloosahatchee 0.59 3.07 Muricid 
Caloosahatchee 0.60 2.25 Muricid 
Caloosahatchee 0.60 3.17 Muricid 
Caloosahatchee 0.61 2.26 Muricid 
Caloosahatchee 0.61 2.23 Muricid 
Caloosahatchee 0.61 2.12 Muricid 
Caloosahatchee 0.62 2.97 Muricid 
Caloosahatchee 0.62 2.06 Muricid 
Caloosahatchee 0.62 2.41 Muricid 
Caloosahatchee 0.62 2.69 Muricid 
Caloosahatchee 0.63 2.28 Muricid 
Caloosahatchee 0.63 2.15 Muricid 
Caloosahatchee 0.64 2.79 Muricid 
Caloosahatchee 0.64 3.21 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 0.64 2.67 Muricid 
Caloosahatchee 0.64 3.00 Muricid 
Caloosahatchee 0.64 2.49 Muricid 
Caloosahatchee 0.64 2.39 Muricid 
Caloosahatchee 0.65 2.41 Muricid 
Caloosahatchee 0.65 2.97 Muricid 
Caloosahatchee 0.66 2.69 Muricid 
Caloosahatchee 0.66 2.94 Muricid 
Caloosahatchee 0.66 2.37 Muricid 
Caloosahatchee 0.66 2.69 Muricid 
Caloosahatchee 0.66 2.59 Muricid 
Caloosahatchee 0.66 2.40 Muricid 
Caloosahatchee 0.67 2.32 Muricid 
Caloosahatchee 0.67 2.58 Muricid 
Caloosahatchee 0.68 2.67 Muricid 
Caloosahatchee 0.68 2.87 Muricid 
Caloosahatchee 0.69 2.62 Muricid 
Caloosahatchee 0.69 2.84 Muricid 
Caloosahatchee 0.69 2.47 Muricid 
Caloosahatchee 0.69 3.00 Muricid 
Caloosahatchee 0.69 2.89 Muricid 
Caloosahatchee 0.69 2.22 Muricid 
Caloosahatchee 0.70 3.24 Muricid 
Caloosahatchee 0.70 2.50 Muricid 
Caloosahatchee 0.70 2.71 Muricid 
Caloosahatchee 0.70 2.37 Muricid 
Caloosahatchee 0.70 2.60 Muricid 
Caloosahatchee 0.71 2.45 Muricid 
Caloosahatchee 0.71 2.39 Muricid 
Caloosahatchee 0.71 3.28 Muricid 
Caloosahatchee 0.71 2.56 Muricid 
Caloosahatchee 0.72 2.66 Muricid 
Caloosahatchee 0.72 2.27 Muricid 
Caloosahatchee 0.72 2.43 Muricid 
Caloosahatchee 0.72 2.65 Muricid 
Caloosahatchee 0.73 2.73 Muricid 
Caloosahatchee 0.73 2.81 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 0.74 3.01 Muricid 
Caloosahatchee 0.74 2.62 Muricid 
Caloosahatchee 0.74 2.94 Muricid 
Caloosahatchee 0.75 2.20 Muricid 
Caloosahatchee 0.75 2.30 Muricid 
Caloosahatchee 0.76 2.71 Muricid 
Caloosahatchee 0.76 2.94 Muricid 
Caloosahatchee 0.76 2.42 Muricid 
Caloosahatchee 0.76 2.50 Muricid 
Caloosahatchee 0.77 2.36 Muricid 
Caloosahatchee 0.77 2.50 Muricid 
Caloosahatchee 0.77 2.55 Muricid 
Caloosahatchee 0.77 2.53 Muricid 
Caloosahatchee 0.79 2.48 Muricid 
Caloosahatchee 0.79 2.99 Muricid 
Caloosahatchee 0.79 3.30 Muricid 
Caloosahatchee 0.80 2.51 Muricid 
Caloosahatchee 0.80 2.45 Muricid 
Caloosahatchee 0.81 3.18 Muricid 
Caloosahatchee 0.81 3.26 Muricid 
Caloosahatchee 0.81 2.93 Muricid 
Caloosahatchee 0.81 2.64 Muricid 
Caloosahatchee 0.81 2.69 Muricid 
Caloosahatchee 0.81 2.99 Muricid 
Caloosahatchee 0.81 2.71 Muricid 
Caloosahatchee 0.81 3.05 Muricid 
Caloosahatchee 0.82 3.04 Muricid 
Caloosahatchee 0.82 2.95 Muricid 
Caloosahatchee 0.83 2.94 Muricid 
Caloosahatchee 0.83 2.55 Muricid 
Caloosahatchee 0.83 2.20 Muricid 
Caloosahatchee 0.83 3.25 Muricid 
Caloosahatchee 0.83 2.95 Muricid 
Caloosahatchee 0.83 2.42 Muricid 
Caloosahatchee 0.84 2.72 Muricid 
Caloosahatchee 0.84 2.67 Muricid 
Caloosahatchee 0.84 2.53 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 0.85 2.68 Muricid 
Caloosahatchee 0.85 2.92 Muricid 
Caloosahatchee 0.85 2.52 Muricid 
Caloosahatchee 0.85 2.95 Muricid 
Caloosahatchee 0.85 2.51 Muricid 
Caloosahatchee 0.85 2.95 Muricid 
Caloosahatchee 0.85 2.58 Muricid 
Caloosahatchee 0.86 3.19 Muricid 
Caloosahatchee 0.86 2.94 Muricid 
Caloosahatchee 0.86 2.80 Muricid 
Caloosahatchee 0.86 2.58 Muricid 
Caloosahatchee 0.87 2.85 Muricid 
Caloosahatchee 0.87 3.21 Muricid 
Caloosahatchee 0.88 2.94 Muricid 
Caloosahatchee 0.88 2.95 Muricid 
Caloosahatchee 0.88 2.88 Muricid 
Caloosahatchee 0.88 2.82 Muricid 
Caloosahatchee 0.88 2.90 Muricid 
Caloosahatchee 0.88 3.00 Muricid 
Caloosahatchee 0.88 2.51 Muricid 
Caloosahatchee 0.89 2.54 Muricid 
Caloosahatchee 0.89 2.63 Muricid 
Caloosahatchee 0.89 2.72 Muricid 
Caloosahatchee 0.89 2.36 Muricid 
Caloosahatchee 0.90 2.87 Muricid 
Caloosahatchee 0.90 2.57 Muricid 
Caloosahatchee 0.90 3.12 Muricid 
Caloosahatchee 0.90 2.75 Muricid 
Caloosahatchee 0.90 2.89 Muricid 
Caloosahatchee 0.90 2.54 Muricid 
Caloosahatchee 0.90 2.80 Muricid 
Caloosahatchee 0.91 2.50 Muricid 
Caloosahatchee 0.91 3.24 Muricid 
Caloosahatchee 0.91 2.82 Muricid 
Caloosahatchee 0.91 3.18 Muricid 
Caloosahatchee 0.92 3.07 Muricid 
Caloosahatchee 0.92 2.98 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 0.92 2.92 Muricid 
Caloosahatchee 0.92 3.32 Muricid 
Caloosahatchee 0.92 2.68 Muricid 
Caloosahatchee 0.92 3.19 Muricid 
Caloosahatchee 0.92 2.57 Muricid 
Caloosahatchee 0.92 2.69 Muricid 
Caloosahatchee 0.93 3.09 Muricid 
Caloosahatchee 0.94 3.13 Muricid 
Caloosahatchee 0.94 2.93 Muricid 
Caloosahatchee 0.94 3.05 Muricid 
Caloosahatchee 0.94 3.05 Muricid 
Caloosahatchee 0.94 2.96 Muricid 
Caloosahatchee 0.95 2.52 Muricid 
Caloosahatchee 0.95 2.89 Muricid 
Caloosahatchee 0.95 3.05 Muricid 
Caloosahatchee 0.95 2.80 Muricid 
Caloosahatchee 0.96 3.04 Muricid 
Caloosahatchee 0.96 3.01 Muricid 
Caloosahatchee 0.96 3.05 Muricid 
Caloosahatchee 0.96 2.97 Muricid 
Caloosahatchee 0.96 2.70 Muricid 
Caloosahatchee 0.96 3.03 Muricid 
Caloosahatchee 0.96 2.97 Muricid 
Caloosahatchee 0.96 2.83 Muricid 
Caloosahatchee 0.96 2.69 Muricid 
Caloosahatchee 0.97 2.78 Muricid 
Caloosahatchee 0.97 2.89 Muricid 
Caloosahatchee 0.97 3.20 Muricid 
Caloosahatchee 0.97 2.69 Muricid 
Caloosahatchee 0.98 3.11 Muricid 
Caloosahatchee 0.98 2.74 Muricid 
Caloosahatchee 0.98 2.43 Muricid 
Caloosahatchee 0.99 2.91 Muricid 
Caloosahatchee 0.99 2.72 Muricid 
Caloosahatchee 0.99 3.02 Muricid 
Caloosahatchee 0.99 3.26 Muricid 
Caloosahatchee 0.99 3.05 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 0.99 3.20 Muricid 
Caloosahatchee 0.99 3.16 Muricid 
Caloosahatchee 0.99 2.90 Muricid 
Caloosahatchee 1.00 3.00 Muricid 
Caloosahatchee 1.00 2.84 Muricid 
Caloosahatchee 1.00 3.07 Muricid 
Caloosahatchee 1.00 2.83 Muricid 
Caloosahatchee 1.00 3.00 Muricid 
Caloosahatchee 1.00 2.70 Muricid 
Caloosahatchee 1.02 2.34 Muricid 
Caloosahatchee 1.02 2.86 Muricid 
Caloosahatchee 1.02 2.84 Muricid 
Caloosahatchee 1.02 3.06 Muricid 
Caloosahatchee 1.02 3.19 Muricid 
Caloosahatchee 1.02 2.76 Muricid 
Caloosahatchee 1.03 3.04 Muricid 
Caloosahatchee 1.03 2.97 Muricid 
Caloosahatchee 1.03 2.65 Muricid 
Caloosahatchee 1.03 3.07 Muricid 
Caloosahatchee 1.03 2.87 Muricid 
Caloosahatchee 1.03 2.99 Muricid 
Caloosahatchee 1.03 2.83 Muricid 
Caloosahatchee 1.04 2.83 Muricid 
Caloosahatchee 1.04 2.74 Muricid 
Caloosahatchee 1.05 2.86 Muricid 
Caloosahatchee 1.05 2.93 Muricid 
Caloosahatchee 1.05 3.22 Muricid 
Caloosahatchee 1.05 3.06 Muricid 
Caloosahatchee 1.05 2.81 Muricid 
Caloosahatchee 1.05 2.94 Muricid 
Caloosahatchee 1.05 3.13 Muricid 
Caloosahatchee 1.06 3.15 Muricid 
Caloosahatchee 1.06 2.64 Muricid 
Caloosahatchee 1.06 3.08 Muricid 
Caloosahatchee 1.06 2.54 Muricid 
Caloosahatchee 1.06 2.96 Muricid 
Caloosahatchee 1.06 2.95 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 1.07 2.73 Muricid 
Caloosahatchee 1.07 2.88 Muricid 
Caloosahatchee 1.08 2.90 Muricid 
Caloosahatchee 1.08 3.26 Muricid 
Caloosahatchee 1.08 2.89 Muricid 
Caloosahatchee 1.08 3.13 Muricid 
Caloosahatchee 1.09 3.11 Muricid 
Caloosahatchee 1.09 2.85 Muricid 
Caloosahatchee 1.09 3.17 Muricid 
Caloosahatchee 1.09 2.91 Muricid 
Caloosahatchee 1.09 2.96 Muricid 
Caloosahatchee 1.09 3.26 Muricid 
Caloosahatchee 1.09 2.83 Muricid 
Caloosahatchee 1.09 3.21 Muricid 
Caloosahatchee 1.10 3.10 Muricid 
Caloosahatchee 1.10 3.04 Muricid 
Caloosahatchee 1.10 2.98 Muricid 
Caloosahatchee 1.10 3.17 Muricid 
Caloosahatchee 1.10 2.98 Muricid 
Caloosahatchee 1.10 2.85 Muricid 
Caloosahatchee 1.10 2.72 Muricid 
Caloosahatchee 1.10 3.21 Muricid 
Caloosahatchee 1.11 2.79 Muricid 
Caloosahatchee 1.11 2.85 Muricid 
Caloosahatchee 1.11 2.88 Muricid 
Caloosahatchee 1.11 3.08 Muricid 
Caloosahatchee 1.11 2.80 Muricid 
Caloosahatchee 1.11 2.92 Muricid 
Caloosahatchee 1.11 2.98 Muricid 
Caloosahatchee 1.11 2.97 Muricid 
Caloosahatchee 1.11 3.13 Muricid 
Caloosahatchee 1.11 3.01 Muricid 
Caloosahatchee 1.12 2.87 Muricid 
Caloosahatchee 1.12 2.94 Muricid 
Caloosahatchee 1.12 3.04 Muricid 
Caloosahatchee 1.12 2.96 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 1.12 3.13 Muricid 
Caloosahatchee 1.13 3.10 Muricid 
Caloosahatchee 1.13 3.03 Muricid 
Caloosahatchee 1.13 2.99 Muricid 
Caloosahatchee 1.13 3.10 Muricid 
Caloosahatchee 1.13 2.56 Muricid 
Caloosahatchee 1.14 2.84 Muricid 
Caloosahatchee 1.14 2.84 Muricid 
Caloosahatchee 1.14 2.95 Muricid 
Caloosahatchee 1.14 3.23 Muricid 
Caloosahatchee 1.15 2.93 Muricid 
Caloosahatchee 1.15 3.19 Muricid 
Caloosahatchee 1.15 3.22 Muricid 
Caloosahatchee 1.15 3.17 Muricid 
Caloosahatchee 1.15 3.02 Muricid 
Caloosahatchee 1.15 2.89 Muricid 
Caloosahatchee 1.15 2.87 Muricid 
Caloosahatchee 1.16 3.20 Muricid 
Caloosahatchee 1.16 3.02 Muricid 
Caloosahatchee 1.16 2.91 Muricid 
Caloosahatchee 1.17 2.89 Muricid 
Caloosahatchee 1.17 3.02 Muricid 
Caloosahatchee 1.17 3.03 Muricid 
Caloosahatchee 1.17 3.03 Muricid 
Caloosahatchee 1.18 3.20 Muricid 
Caloosahatchee 1.18 2.91 Muricid 
Caloosahatchee 1.18 3.15 Muricid 
Caloosahatchee 1.18 2.98 Muricid 
Caloosahatchee 1.18 3.05 Muricid 
Caloosahatchee 1.18 3.14 Muricid 
Caloosahatchee 1.18 3.26 Muricid 
Caloosahatchee 1.19 3.04 Muricid 
Caloosahatchee 1.19 3.15 Muricid 
Caloosahatchee 1.19 3.06 Muricid 
Caloosahatchee 1.19 3.03 Muricid 
Caloosahatchee 1.19 3.09 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 1.20 3.10 Muricid 
Caloosahatchee 1.20 3.08 Muricid 
Caloosahatchee 1.20 3.21 Muricid 
Caloosahatchee 1.21 2.75 Muricid 
Caloosahatchee 1.21 3.16 Muricid 
Caloosahatchee 1.21 2.88 Muricid 
Caloosahatchee 1.21 3.21 Muricid 
Caloosahatchee 1.21 2.79 Muricid 
Caloosahatchee 1.21 2.89 Muricid 
Caloosahatchee 1.22 3.21 Muricid 
Caloosahatchee 1.22 2.99 Muricid 
Caloosahatchee 1.22 3.07 Muricid 
Caloosahatchee 1.23 3.26 Muricid 
Caloosahatchee 1.23 3.16 Muricid 
Caloosahatchee 1.23 2.97 Muricid 
Caloosahatchee 1.23 2.95 Muricid 
Caloosahatchee 1.23 3.11 Muricid 
Caloosahatchee 1.23 2.90 Muricid 
Caloosahatchee 1.23 2.93 Muricid 
Caloosahatchee 1.24 3.04 Muricid 
Caloosahatchee 1.24 3.03 Muricid 
Caloosahatchee 1.24 2.98 Muricid 
Caloosahatchee 1.24 2.93 Muricid 
Caloosahatchee 1.24 3.11 Muricid 
Caloosahatchee 1.25 3.02 Muricid 
Caloosahatchee 1.25 3.11 Muricid 
Caloosahatchee 1.25 3.03 Muricid 
Caloosahatchee 1.25 3.18 Muricid 
Caloosahatchee 1.26 3.07 Muricid 
Caloosahatchee 1.26 3.17 Muricid 
Caloosahatchee 1.26 2.85 Muricid 
Caloosahatchee 1.26 3.05 Muricid 
Caloosahatchee 1.27 3.09 Muricid 
Caloosahatchee 1.27 3.11 Muricid 
Caloosahatchee 1.27 2.85 Muricid 
Caloosahatchee 1.27 2.99 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 1.28 3.15 Muricid 
Caloosahatchee 1.28 3.19 Muricid 
Caloosahatchee 1.28 3.07 Muricid 
Caloosahatchee 1.28 2.83 Muricid 
Caloosahatchee 1.28 3.10 Muricid 
Caloosahatchee 1.28 3.03 Muricid 
Caloosahatchee 1.29 3.09 Muricid 
Caloosahatchee 1.29 3.09 Muricid 
Caloosahatchee 1.30 3.16 Muricid 
Caloosahatchee 1.30 2.87 Muricid 
Caloosahatchee 1.31 2.86 Muricid 
Caloosahatchee 1.31 2.96 Muricid 
Caloosahatchee 1.31 3.15 Muricid 
Caloosahatchee 1.31 2.89 Muricid 
Caloosahatchee 1.32 3.23 Muricid 
Caloosahatchee 1.32 2.81 Muricid 
Caloosahatchee 1.33 3.04 Muricid 
Caloosahatchee 1.34 3.04 Muricid 
Caloosahatchee 1.34 3.15 Muricid 
Caloosahatchee 1.34 3.08 Muricid 
Caloosahatchee 1.35 2.88 Muricid 
Caloosahatchee 1.36 3.27 Muricid 
Caloosahatchee 1.36 3.12 Muricid 
Caloosahatchee 1.36 3.12 Muricid 
Caloosahatchee 1.37 2.89 Muricid 
Caloosahatchee 1.37 3.20 Muricid 
Caloosahatchee 1.37 2.89 Muricid 
Caloosahatchee 1.38 3.17 Muricid 
Caloosahatchee 1.38 3.14 Muricid 
Caloosahatchee 1.39 2.89 Muricid 
Caloosahatchee 1.42 2.90 Muricid 
Caloosahatchee 1.44 3.37 Muricid 
Caloosahatchee 1.49 3.22 Muricid 
Bermont 0.00 2.07 Muricid 
Bermont 0.00 2.45 Muricid 
Bermont 0.01 2.22 Muricid 
Bermont 0.01 2.42 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.02 2.27 Muricid 
Bermont 0.02 2.32 Muricid 
Bermont 0.02 2.80 Muricid 
Bermont 0.02 2.96 Muricid 
Bermont 0.03 2.07 Muricid 
Bermont 0.03 2.37 Muricid 
Bermont 0.03 2.44 Muricid 
Bermont 0.03 2.48 Muricid 
Bermont 0.03 2.75 Muricid 
Bermont 0.04 2.61 Muricid 
Bermont 0.04 2.71 Muricid 
Bermont 0.05 2.64 Muricid 
Bermont 0.06 2.44 Muricid 
Bermont 0.07 2.85 Muricid 
Bermont 0.08 2.18 Muricid 
Bermont 0.10 2.37 Muricid 
Bermont 0.10 2.43 Muricid 
Bermont 0.10 2.48 Muricid 
Bermont 0.10 2.67 Muricid 
Bermont 0.10 3.25 Muricid 
Bermont 0.10 2.25 Muricid 
Bermont 0.10 3.12 Muricid 
Bermont 0.11 2.18 Muricid 
Bermont 0.11 2.40 Muricid 
Bermont 0.11 2.65 Muricid 
Bermont 0.12 2.66 Muricid 
Bermont 0.13 2.03 Muricid 
Bermont 0.13 2.50 Muricid 
Bermont 0.14 2.21 Muricid 
Bermont 0.14 2.48 Muricid 
Bermont 0.14 2.70 Muricid 
Bermont 0.15 2.10 Muricid 
Bermont 0.15 2.37 Muricid 
Bermont 0.15 2.53 Muricid 
Bermont 0.17 2.59 Muricid 
Bermont 0.17 2.66 Muricid 
Bermont 0.17 2.57 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.18 2.28 Muricid 
Bermont 0.18 2.50 Muricid 
Bermont 0.18 2.86 Muricid 
Bermont 0.21 2.30 Muricid 
Bermont 0.21 2.37 Muricid 
Bermont 0.22 2.41 Muricid 
Bermont 0.22 2.49 Muricid 
Bermont 0.22 2.53 Muricid 
Bermont 0.22 2.85 Muricid 
Bermont 0.23 2.36 Muricid 
Bermont 0.24 2.39 Muricid 
Bermont 0.24 2.67 Muricid 
Bermont 0.24 2.71 Muricid 
Bermont 0.25 2.60 Muricid 
Bermont 0.25 3.04 Muricid 
Bermont 0.26 2.22 Muricid 
Bermont 0.27 2.15 Muricid 
Bermont 0.27 2.51 Muricid 
Bermont 0.28 2.13 Muricid 
Bermont 0.28 2.32 Muricid 
Bermont 0.28 2.60 Muricid 
Bermont 0.28 2.96 Muricid 
Bermont 0.29 3.09 Muricid 
Bermont 0.30 2.32 Muricid 
Bermont 0.30 2.42 Muricid 
Bermont 0.31 2.29 Muricid 
Bermont 0.31 2.72 Muricid 
Bermont 0.31 2.87 Muricid 
Bermont 0.31 2.90 Muricid 
Bermont 0.31 2.95 Muricid 
Bermont 0.32 2.28 Muricid 
Bermont 0.32 2.33 Muricid 
Bermont 0.32 2.77 Muricid 
Bermont 0.32 2.84 Muricid 
Bermont 0.33 2.53 Muricid 
Bermont 0.34 2.30 Muricid 
Bermont 0.34 2.64 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.34 2.46 Muricid 
Bermont 0.34 2.58 Muricid 
Bermont 0.34 2.59 Muricid 
Bermont 0.34 2.67 Muricid 
Bermont 0.34 2.92 Muricid 
Bermont 0.35 2.41 Muricid 
Bermont 0.36 2.67 Muricid 
Bermont 0.36 2.73 Muricid 
Bermont 0.36 2.23 Muricid 
Bermont 0.36 2.35 Muricid 
Bermont 0.37 2.20 Muricid 
Bermont 0.38 2.61 Muricid 
Bermont 0.38 2.67 Muricid 
Bermont 0.39 2.11 Muricid 
Bermont 0.39 2.29 Muricid 
Bermont 0.39 2.69 Muricid 
Bermont 0.39 2.71 Muricid 
Bermont 0.39 2.86 Muricid 
Bermont 0.39 2.67 Muricid 
Bermont 0.39 2.90 Muricid 
Bermont 0.39 3.04 Muricid 
Bermont 0.40 2.75 Muricid 
Bermont 0.40 3.01 Muricid 
Bermont 0.41 2.19 Muricid 
Bermont 0.41 2.78 Muricid 
Bermont 0.41 2.40 Muricid 
Bermont 0.41 2.55 Muricid 
Bermont 0.41 2.55 Muricid 
Bermont 0.41 2.59 Muricid 
Bermont 0.41 2.62 Muricid 
Bermont 0.41 2.71 Muricid 
Bermont 0.42 2.97 Muricid 
Bermont 0.43 2.39 Muricid 
Bermont 0.43 2.75 Muricid 
Bermont 0.43 2.88 Muricid 
Bermont 0.43 3.00 Muricid 
Bermont 0.44 2.59 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.44 2.64 Muricid 
Bermont 0.44 2.89 Muricid 
Bermont 0.44 2.92 Muricid 
Bermont 0.44 3.06 Muricid 
Bermont 0.44 3.35 Muricid 
Bermont 0.45 2.53 Muricid 
Bermont 0.46 2.52 Muricid 
Bermont 0.46 2.53 Muricid 
Bermont 0.46 3.13 Muricid 
Bermont 0.47 2.56 Muricid 
Bermont 0.47 2.68 Muricid 
Bermont 0.47 2.79 Muricid 
Bermont 0.48 2.80 Muricid 
Bermont 0.48 2.48 Muricid 
Bermont 0.48 2.51 Muricid 
Bermont 0.48 2.69 Muricid 
Bermont 0.48 3.08 Muricid 
Bermont 0.49 2.72 Muricid 
Bermont 0.49 2.72 Muricid 
Bermont 0.49 2.79 Muricid 
Bermont 0.49 3.01 Muricid 
Bermont 0.49 2.76 Muricid 
Bermont 0.49 2.82 Muricid 
Bermont 0.49 2.91 Muricid 
Bermont 0.49 2.96 Muricid 
Bermont 0.51 2.57 Muricid 
Bermont 0.51 2.58 Muricid 
Bermont 0.51 2.87 Muricid 
Bermont 0.51 2.94 Muricid 
Bermont 0.51 2.31 Muricid 
Bermont 0.51 2.88 Muricid 
Bermont 0.51 2.98 Muricid 
Bermont 0.52 2.23 Muricid 
Bermont 0.52 2.38 Muricid 
Bermont 0.52 2.49 Muricid 
Bermont 0.52 3.02 Muricid 
Bermont 0.52 2.64 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.53 2.30 Muricid 
Bermont 0.53 2.49 Muricid 
Bermont 0.54 2.78 Muricid 
Bermont 0.55 2.35 Muricid 
Bermont 0.55 2.95 Muricid 
Bermont 0.55 3.05 Muricid 
Bermont 0.55 2.74 Muricid 
Bermont 0.55 2.91 Muricid 
Bermont 0.55 3.15 Muricid 
Bermont 0.56 2.42 Muricid 
Bermont 0.56 2.62 Muricid 
Bermont 0.56 2.97 Muricid 
Bermont 0.57 2.57 Muricid 
Bermont 0.57 2.39 Muricid 
Bermont 0.57 2.42 Muricid 
Bermont 0.57 2.78 Muricid 
Bermont 0.57 2.85 Muricid 
Bermont 0.57 2.91 Muricid 
Bermont 0.58 2.74 Muricid 
Bermont 0.58 2.80 Muricid 
Bermont 0.58 2.92 Muricid 
Bermont 0.58 2.96 Muricid 
Bermont 0.58 3.12 Muricid 
Bermont 0.58 3.23 Muricid 
Bermont 0.58 2.36 Muricid 
Bermont 0.58 2.67 Muricid 
Bermont 0.58 2.80 Muricid 
Bermont 0.59 2.40 Muricid 
Bermont 0.59 3.48 Muricid 
Bermont 0.59 2.32 Muricid 
Bermont 0.60 2.64 Muricid 
Bermont 0.60 2.56 Muricid 
Bermont 0.60 2.93 Muricid 
Bermont 0.60 2.98 Muricid 
Bermont 0.60 3.24 Muricid 
Bermont 0.61 2.90 Muricid 
Bermont 0.61 3.06 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.64 2.58 Muricid 
Bermont 0.64 2.62 Muricid 
Bermont 0.64 2.74 Muricid 
Bermont 0.64 3.23 Muricid 
Bermont 0.64 2.50 Muricid 
Bermont 0.64 3.02 Muricid 
Bermont 0.65 2.35 Muricid 
Bermont 0.65 2.49 Muricid 
Bermont 0.65 2.71 Muricid 
Bermont 0.65 2.83 Muricid 
Bermont 0.65 2.84 Muricid 
Bermont 0.65 3.05 Muricid 
Bermont 0.65 2.65 Muricid 
Bermont 0.65 2.65 Muricid 
Bermont 0.65 3.35 Muricid 
Bermont 0.66 2.57 Muricid 
Bermont 0.61 3.32 Muricid 
Bermont 0.62 2.13 Muricid 
Bermont 0.62 2.81 Muricid 
Bermont 0.62 2.99 Muricid 
Bermont 0.62 2.37 Muricid 
Bermont 0.62 2.55 Muricid 
Bermont 0.62 2.81 Muricid 
Bermont 0.62 2.88 Muricid 
Bermont 0.62 2.88 Muricid 
Bermont 0.62 3.00 Muricid 
Bermont 0.63 2.57 Muricid 
Bermont 0.63 2.71 Muricid 
Bermont 0.63 2.90 Muricid 
Bermont 0.63 3.09 Muricid 
Bermont 0.63 3.12 Muricid 
Bermont 0.63 2.37 Muricid 
Bermont 0.63 2.93 Muricid 
Bermont 0.63 2.94 Muricid 
Bermont 0.69 3.15 Muricid 
Bermont 0.69 3.17 Muricid 
Bermont 0.69 2.48 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.69 2.80 Muricid 
Bermont 0.70 3.03 Muricid 
Bermont 0.70 3.18 Muricid 
Bermont 0.70 3.03 Muricid 
Bermont 0.71 3.00 Muricid 
Bermont 0.71 2.51 Muricid 
Bermont 0.71 2.96 Muricid 
Bermont 0.72 3.05 Muricid 
Bermont 0.72 2.43 Muricid 
Bermont 0.72 2.49 Muricid 
Bermont 0.72 2.81 Muricid 
Bermont 0.72 2.95 Muricid 
Bermont 0.72 3.03 Muricid 
Bermont 0.72 3.11 Muricid 
Bermont 0.72 3.26 Muricid 
Bermont 0.73 2.58 Muricid 
Bermont 0.73 2.79 Muricid 
Bermont 0.73 2.89 Muricid 
Bermont 0.73 2.47 Muricid 
Bermont 0.66 2.96 Muricid 
Bermont 0.66 2.97 Muricid 
Bermont 0.66 3.02 Muricid 
Bermont 0.66 3.19 Muricid 
Bermont 0.66 2.57 Muricid 
Bermont 0.66 2.61 Muricid 
Bermont 0.66 2.91 Muricid 
Bermont 0.66 2.97 Muricid 
Bermont 0.67 2.41 Muricid 
Bermont 0.67 2.56 Muricid 
Bermont 0.68 2.47 Muricid 
Bermont 0.68 2.56 Muricid 
Bermont 0.68 2.89 Muricid 
Bermont 0.68 3.02 Muricid 
Bermont 0.68 3.13 Muricid 
Bermont 0.69 2.86 Muricid 
Bermont 0.69 3.11 Muricid 
Bermont 0.69 3.12 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.82 2.93 Muricid 
Bermont 0.82 3.43 Muricid 
Bermont 0.82 2.59 Muricid 
Bermont 0.82 2.66 Muricid 
Bermont 0.82 2.69 Muricid 
Bermont 0.82 3.19 Muricid 
Bermont 0.82 3.22 Muricid 
Bermont 0.83 2.37 Muricid 
Bermont 0.83 2.48 Muricid 
Bermont 0.83 2.63 Muricid 
Bermont 0.83 2.75 Muricid 
Bermont 0.83 3.08 Muricid 
Bermont 0.83 3.46 Muricid 
Bermont 0.84 2.54 Muricid 
Bermont 0.84 2.60 Muricid 
Bermont 0.84 2.95 Muricid 
Bermont 0.84 3.19 Muricid 
Bermont 0.84 3.26 Muricid 
Bermont 0.84 3.36 Muricid 
Bermont 0.84 2.48 Muricid 
Bermont 0.84 2.62 Muricid 
Bermont 0.84 2.84 Muricid 
Bermont 0.84 3.13 Muricid 
Bermont 0.84 3.18 Muricid 
Bermont 0.85 3.03 Muricid 
Bermont 0.73 2.52 Muricid 
Bermont 0.73 2.64 Muricid 
Bermont 0.73 2.64 Muricid 
Bermont 0.73 2.85 Muricid 
Bermont 0.73 3.01 Muricid 
Bermont 0.73 3.18 Muricid 
Bermont 0.74 2.77 Muricid 
Bermont 0.74 2.69 Muricid 
Bermont 0.74 2.84 Muricid 
Bermont 0.74 2.85 Muricid 
Bermont 0.75 2.54 Muricid 
Bermont 0.75 2.57 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.75 2.58 Muricid 
Bermont 0.75 2.65 Muricid 
Bermont 0.75 3.13 Muricid 
Bermont 0.75 2.56 Muricid 
Bermont 0.75 2.60 Muricid 
Bermont 0.75 2.64 Muricid 
Bermont 0.75 2.73 Muricid 
Bermont 0.75 3.10 Muricid 
Bermont 0.75 3.13 Muricid 
Bermont 0.75 3.30 Muricid 
Bermont 0.76 2.53 Muricid 
Bermont 0.76 2.66 Muricid 
Bermont 0.76 2.73 Muricid 
Bermont 0.76 3.05 Muricid 
Bermont 0.76 3.11 Muricid 
Bermont 0.76 3.40 Muricid 
Bermont 0.76 2.40 Muricid 
Bermont 0.76 2.56 Muricid 
Bermont 0.76 2.98 Muricid 
Bermont 0.77 2.40 Muricid 
Bermont 0.77 2.42 Muricid 
Bermont 0.77 2.62 Muricid 
Bermont 0.77 2.97 Muricid 
Bermont 0.77 2.98 Muricid 
Bermont 0.77 3.00 Muricid 
Bermont 0.77 3.14 Muricid 
Bermont 0.77 2.57 Muricid 
Bermont 0.77 2.81 Muricid 
Bermont 0.78 2.49 Muricid 
Bermont 0.78 2.53 Muricid 
Bermont 0.78 2.62 Muricid 
Bermont 0.78 2.71 Muricid 
Bermont 0.78 3.03 Muricid 
Bermont 0.78 3.03 Muricid 
Bermont 0.85 3.12 Muricid 
Bermont 0.85 2.70 Muricid 
Bermont 0.85 3.05 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.78 3.30 Muricid 
Bermont 0.78 2.61 Muricid 
Bermont 0.78 2.63 Muricid 
Bermont 0.78 3.11 Muricid 
Bermont 0.79 2.63 Muricid 
Bermont 0.79 2.65 Muricid 
Bermont 0.79 2.49 Muricid 
Bermont 0.79 2.80 Muricid 
Bermont 0.79 2.97 Muricid 
Bermont 0.80 3.07 Muricid 
Bermont 0.80 3.10 Muricid 
Bermont 0.80 3.37 Muricid 
Bermont 0.80 2.57 Muricid 
Bermont 0.80 2.60 Muricid 
Bermont 0.80 2.65 Muricid 
Bermont 0.81 2.52 Muricid 
Bermont 0.81 2.73 Muricid 
Bermont 0.81 2.78 Muricid 
Bermont 0.81 2.83 Muricid 
Bermont 0.81 2.95 Muricid 
Bermont 0.81 2.36 Muricid 
Bermont 0.81 2.57 Muricid 
Bermont 0.81 2.59 Muricid 
Bermont 0.81 2.60 Muricid 
Bermont 0.81 2.82 Muricid 
Bermont 0.81 3.01 Muricid 
Bermont 0.82 2.52 Muricid 
Bermont 0.82 2.58 Muricid 
Bermont 0.82 2.75 Muricid 
Bermont 0.82 2.94 Muricid 
Bermont 0.82 2.95 Muricid 
Bermont 0.82 2.95 Muricid 
Bermont 0.82 3.01 Muricid 
Bermont 0.82 2.56 Muricid 
Bermont 0.85 3.22 Muricid 
Bermont 0.85 3.26 Muricid 
Bermont 0.85 2.52 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.91 3.16 Muricid 
Bermont 0.91 2.57 Muricid 
Bermont 0.91 2.62 Muricid 
Bermont 0.91 2.75 Muricid 
Bermont 0.91 2.80 Muricid 
Bermont 0.91 2.85 Muricid 
Bermont 0.91 2.92 Muricid 
Bermont 0.91 2.95 Muricid 
Bermont 0.91 2.97 Muricid 
Bermont 0.91 3.39 Muricid 
Bermont 0.92 2.60 Muricid 
Bermont 0.92 2.64 Muricid 
Bermont 0.92 2.81 Muricid 
Bermont 0.92 2.92 Muricid 
Bermont 0.92 3.28 Muricid 
Bermont 0.92 2.55 Muricid 
Bermont 0.92 3.03 Muricid 
Bermont 0.92 3.49 Muricid 
Bermont 0.92 2.53 Muricid 
Bermont 0.92 2.61 Muricid 
Bermont 0.92 2.63 Muricid 
Bermont 0.92 2.79 Muricid 
Bermont 0.92 3.05 Muricid 
Bermont 0.92 3.07 Muricid 
Bermont 0.93 2.54 Muricid 
Bermont 0.93 2.56 Muricid 
Bermont 0.93 2.73 Muricid 
Bermont 0.93 2.75 Muricid 
Bermont 0.93 2.83 Muricid 
Bermont 0.93 2.51 Muricid 
Bermont 0.93 2.63 Muricid 
Bermont 0.93 2.71 Muricid 
Bermont 0.93 2.80 Muricid 
Bermont 0.93 3.37 Muricid 
Bermont 0.85 2.62 Muricid 
Bermont 0.85 2.68 Muricid 
Bermont 0.85 2.69 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.85 2.92 Muricid 
Bermont 0.85 2.96 Muricid 
Bermont 0.85 3.18 Muricid 
Bermont 0.85 3.28 Muricid 
Bermont 0.85 3.41 Muricid 
Bermont 0.86 2.61 Muricid 
Bermont 0.86 2.66 Muricid 
Bermont 0.86 2.80 Muricid 
Bermont 0.86 2.90 Muricid 
Bermont 0.86 3.23 Muricid 
Bermont 0.86 2.54 Muricid 
Bermont 0.86 2.63 Muricid 
Bermont 0.86 2.67 Muricid 
Bermont 0.86 2.74 Muricid 
Bermont 0.86 2.88 Muricid 
Bermont 0.86 3.01 Muricid 
Bermont 0.87 2.64 Muricid 
Bermont 0.87 2.74 Muricid 
Bermont 0.87 2.86 Muricid 
Bermont 0.87 2.99 Muricid 
Bermont 0.87 3.34 Muricid 
Bermont 0.87 2.63 Muricid 
Bermont 0.87 2.63 Muricid 
Bermont 0.87 3.04 Muricid 
Bermont 0.87 3.14 Muricid 
Bermont 0.87 3.31 Muricid 
Bermont 0.88 2.57 Muricid 
Bermont 0.88 2.97 Muricid 
Bermont 0.88 3.20 Muricid 
Bermont 0.88 3.27 Muricid 
Bermont 0.88 2.76 Muricid 
Bermont 0.88 2.85 Muricid 
Bermont 0.88 3.02 Muricid 
Bermont 0.88 3.17 Muricid 
Bermont 0.88 2.56 Muricid 
Bermont 0.88 2.66 Muricid 
Bermont 0.88 2.66 Muricid 
Bermont 0.88 2.82 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.98 2.78 Muricid 
Bermont 0.98 2.82 Muricid 
Bermont 0.98 2.87 Muricid 
Bermont 0.98 3.31 Muricid 
Bermont 0.88 2.84 Muricid 
Bermont 0.88 2.84 Muricid 
Bermont 0.89 2.54 Muricid 
Bermont 0.89 2.56 Muricid 
Bermont 0.89 2.60 Muricid 
Bermont 0.89 2.67 Muricid 
Bermont 0.89 2.68 Muricid 
Bermont 0.89 2.80 Muricid 
Bermont 0.89 3.04 Muricid 
Bermont 0.89 3.30 Muricid 
Bermont 0.90 2.72 Muricid 
Bermont 0.90 2.76 Muricid 
Bermont 0.90 2.76 Muricid 
Bermont 0.90 2.89 Muricid 
Bermont 0.90 2.95 Muricid 
Bermont 0.90 3.10 Muricid 
Bermont 0.90 3.36 Muricid 
Bermont 0.90 2.45 Muricid 
Bermont 0.90 2.50 Muricid 
Bermont 0.90 2.69 Muricid 
Bermont 0.90 2.70 Muricid 
Bermont 0.90 2.78 Muricid 
Bermont 0.90 2.90 Muricid 
Bermont 0.90 3.09 Muricid 
Bermont 0.90 2.60 Muricid 
Bermont 0.90 2.90 Muricid 
Bermont 0.90 3.06 Muricid 
Bermont 0.90 3.11 Muricid 
Bermont 0.91 2.37 Muricid 
Bermont 0.91 2.63 Muricid 
Bermont 0.98 2.67 Muricid 
Bermont 0.98 2.68 Muricid 
Bermont 0.98 2.77 Muricid 
Bermont 0.98 2.90 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.94 2.63 Muricid 
Bermont 0.94 2.73 Muricid 
Bermont 0.94 2.92 Muricid 
Bermont 0.94 3.06 Muricid 
Bermont 0.94 3.06 Muricid 
Bermont 0.94 3.38 Muricid 
Bermont 0.94 2.45 Muricid 
Bermont 0.94 2.82 Muricid 
Bermont 0.94 2.89 Muricid 
Bermont 0.94 2.90 Muricid 
Bermont 0.94 3.02 Muricid 
Bermont 0.94 3.38 Muricid 
Bermont 0.94 2.50 Muricid 
Bermont 0.94 2.83 Muricid 
Bermont 0.94 2.86 Muricid 
Bermont 0.94 2.92 Muricid 
Bermont 0.94 3.01 Muricid 
Bermont 0.94 3.35 Muricid 
Bermont 0.95 2.66 Muricid 
Bermont 0.95 2.69 Muricid 
Bermont 0.95 2.75 Muricid 
Bermont 0.95 2.94 Muricid 
Bermont 0.95 2.61 Muricid 
Bermont 0.95 2.61 Muricid 
Bermont 0.95 2.62 Muricid 
Bermont 0.95 2.68 Muricid 
Bermont 0.95 2.72 Muricid 
Bermont 0.95 2.86 Muricid 
Bermont 0.96 2.68 Muricid 
Bermont 0.96 2.69 Muricid 
Bermont 0.96 2.72 Muricid 
Bermont 0.96 2.76 Muricid 
Bermont 0.96 2.79 Muricid 
Bermont 0.96 2.82 Muricid 
Bermont 0.98 2.92 Muricid 
Bermont 0.98 3.02 Muricid 
Bermont 0.98 3.12 Muricid 
Bermont 0.99 2.74 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.96 2.86 Muricid 
Bermont 0.96 3.04 Muricid 
Bermont 0.96 3.14 Muricid 
Bermont 0.96 2.68 Muricid 
Bermont 0.96 2.73 Muricid 
Bermont 0.96 2.81 Muricid 
Bermont 0.96 2.83 Muricid 
Bermont 0.96 2.87 Muricid 
Bermont 0.96 3.10 Muricid 
Bermont 0.96 3.19 Muricid 
Bermont 0.96 3.30 Muricid 
Bermont 0.97 2.53 Muricid 
Bermont 0.97 2.78 Muricid 
Bermont 0.97 2.91 Muricid 
Bermont 0.97 2.96 Muricid 
Bermont 0.97 3.04 Muricid 
Bermont 0.97 3.41 Muricid 
Bermont 0.97 2.52 Muricid 
Bermont 0.97 2.83 Muricid 
Bermont 0.97 3.16 Muricid 
Bermont 0.97 3.42 Muricid 
Bermont 0.97 2.67 Muricid 
Bermont 0.97 2.78 Muricid 
Bermont 0.97 2.87 Muricid 
Bermont 0.97 2.89 Muricid 
Bermont 0.97 3.02 Muricid 
Bermont 0.97 3.35 Muricid 
Bermont 0.97 3.40 Muricid 
Bermont 0.98 2.64 Muricid 
Bermont 0.98 2.65 Muricid 
Bermont 0.98 2.71 Muricid 
Bermont 0.98 2.73 Muricid 
Bermont 0.98 2.76 Muricid 
Bermont 0.98 2.76 Muricid 
Bermont 0.99 2.77 Muricid 
Bermont 0.99 2.79 Muricid 
Bermont 0.99 3.27 Muricid 
Bermont 1.15 2.77 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 1.12 3.27 Muricid 
Bermont 1.12 3.34 Muricid 
Bermont 1.13 2.90 Muricid 
Bermont 1.13 3.12 Muricid 
Bermont 1.13 3.00 Muricid 
Bermont 1.13 3.12 Muricid 
Bermont 1.13 3.13 Muricid 
Bermont 1.14 3.02 Muricid 
Bermont 1.14 3.22 Muricid 
Bermont 1.14 3.22 Muricid 
Bermont 1.14 2.87 Muricid 
Bermont 1.14 2.95 Muricid 
Bermont 1.14 3.14 Muricid 
Bermont 1.14 3.30 Muricid 
Bermont 1.15 3.06 Muricid 
Bermont 0.99 2.73 Muricid 
Bermont 0.99 2.52 Muricid 
Bermont 0.99 2.77 Muricid 
Bermont 0.99 2.84 Muricid 
Bermont 0.99 3.05 Muricid 
Bermont 0.99 3.09 Muricid 
Bermont 0.99 3.13 Muricid 
Bermont 1.00 2.67 Muricid 
Bermont 1.00 2.71 Muricid 
Bermont 1.00 2.79 Muricid 
Bermont 1.00 2.81 Muricid 
Bermont 1.00 2.82 Muricid 
Bermont 1.00 2.93 Muricid 
Bermont 1.00 2.78 Muricid 
Bermont 1.00 2.89 Muricid 
Bermont 1.00 3.11 Muricid 
Bermont 1.00 2.73 Muricid 
Bermont 1.00 2.93 Muricid 
Bermont 1.01 2.59 Muricid 
Bermont 1.15 2.71 Muricid 
Bermont 1.15 3.04 Muricid 
Bermont 1.15 3.12 Muricid 
Bermont 1.15 3.17 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 1.01 2.75 Muricid 
Bermont 1.01 2.89 Muricid 
Bermont 1.01 2.96 Muricid 
Bermont 1.01 2.99 Muricid 
Bermont 1.01 3.23 Muricid 
Bermont 1.01 2.59 Muricid 
Bermont 1.01 2.65 Muricid 
Bermont 1.01 2.79 Muricid 
Bermont 1.02 2.48 Muricid 
Bermont 1.02 2.67 Muricid 
Bermont 1.02 2.64 Muricid 
Bermont 1.02 2.95 Muricid 
Bermont 1.02 3.18 Muricid 
Bermont 1.02 3.25 Muricid 
Bermont 1.02 2.68 Muricid 
Bermont 1.02 2.70 Muricid 
Bermont 1.02 2.89 Muricid 
Bermont 1.02 2.96 Muricid 
Bermont 1.02 2.99 Muricid 
Bermont 1.02 3.10 Muricid 
Bermont 1.02 3.24 Muricid 
Bermont 1.03 2.99 Muricid 
Bermont 1.03 3.31 Muricid 
Bermont 1.03 2.96 Muricid 
Bermont 1.03 2.98 Muricid 
Bermont 1.03 3.26 Muricid 
Bermont 1.03 2.83 Muricid 
Bermont 1.03 2.92 Muricid 
Bermont 1.03 3.11 Muricid 
Bermont 1.03 3.31 Muricid 
Bermont 1.04 3.10 Muricid 
Bermont 1.04 2.75 Muricid 
Bermont 1.04 3.16 Muricid 
Bermont 1.04 2.80 Muricid 
Bermont 1.15 3.20 Muricid 
Bermont 1.16 2.85 Muricid 
Bermont 1.16 2.94 Muricid 
Bermont 1.16 3.11 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 1.04 2.88 Muricid 
Bermont 1.04 3.03 Muricid 
Bermont 1.05 2.56 Muricid 
Bermont 1.05 2.65 Muricid 
Bermont 1.05 2.82 Muricid 
Bermont 1.05 2.87 Muricid 
Bermont 1.05 2.94 Muricid 
Bermont 1.05 2.64 Muricid 
Bermont 1.05 2.75 Muricid 
Bermont 1.05 3.24 Muricid 
Bermont 1.05 2.65 Muricid 
Bermont 1.05 2.94 Muricid 
Bermont 1.05 3.03 Muricid 
Bermont 1.05 3.04 Muricid 
Bermont 1.06 2.80 Muricid 
Bermont 1.06 3.03 Muricid 
Bermont 1.06 3.21 Muricid 
Bermont 1.06 2.52 Muricid 
Bermont 1.06 2.59 Muricid 
Bermont 1.06 2.74 Muricid 
Bermont 1.06 2.70 Muricid 
Bermont 1.06 2.89 Muricid 
Bermont 1.06 2.93 Muricid 
Bermont 1.07 2.79 Muricid 
Bermont 1.07 2.84 Muricid 
Bermont 1.07 2.94 Muricid 
Bermont 1.07 2.96 Muricid 
Bermont 1.07 3.08 Muricid 
Bermont 1.07 2.73 Muricid 
Bermont 1.07 2.76 Muricid 
Bermont 1.07 2.81 Muricid 
Bermont 1.08 2.82 Muricid 
Bermont 1.08 2.83 Muricid 
Bermont 1.08 2.86 Muricid 
Bermont 1.16 2.77 Muricid 
Bermont 1.16 3.00 Muricid 
Bermont 1.16 3.08 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 1.08 2.87 Muricid 
Bermont 1.08 3.03 Muricid 
Bermont 1.08 3.17 Muricid 
Bermont 1.08 2.86 Muricid 
Bermont 1.08 3.01 Muricid 
Bermont 1.08 3.09 Muricid 
Bermont 1.08 2.72 Muricid 
Bermont 1.08 2.95 Muricid 
Bermont 1.08 3.01 Muricid 
Bermont 1.08 3.12 Muricid 
Bermont 1.09 2.73 Muricid 
Bermont 1.09 2.87 Muricid 
Bermont 1.09 3.29 Muricid 
Bermont 1.09 2.73 Muricid 
Bermont 1.09 3.01 Muricid 
Bermont 1.10 2.85 Muricid 
Bermont 1.10 3.03 Muricid 
Bermont 1.10 3.23 Muricid 
Bermont 1.10 3.34 Muricid 
Bermont 1.10 2.98 Muricid 
Bermont 1.10 3.06 Muricid 
Bermont 1.10 3.23 Muricid 
Bermont 1.11 2.79 Muricid 
Bermont 1.11 2.96 Muricid 
Bermont 1.11 3.37 Muricid 
Bermont 1.11 2.65 Muricid 
Bermont 1.11 3.30 Muricid 
Bermont 1.12 2.92 Muricid 
Bermont 1.12 2.98 Muricid 
Bermont 1.12 3.24 Muricid 
Bermont 1.12 3.28 Muricid 
Bermont 1.12 2.79 Muricid 
Bermont 1.12 2.92 Muricid 
Bermont 1.12 3.18 Muricid 
Bermont 1.17 2.89 Muricid 
Bermont 1.17 2.89 Muricid 
Bermont 1.17 3.09 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 1.19 2.80 Muricid 
Bermont 1.19 2.92 Muricid 
Bermont 1.19 3.19 Muricid 
Bermont 1.20 3.11 Muricid 
Bermont 1.20 3.12 Muricid 
Bermont 1.20 2.95 Muricid 
Bermont 1.20 3.13 Muricid 
Bermont 1.20 3.01 Muricid 
Bermont 1.20 3.04 Muricid 
Bermont 1.20 3.05 Muricid 
Bermont 1.21 3.08 Muricid 
Bermont 1.21 2.63 Muricid 
Bermont 1.21 2.64 Muricid 
Bermont 1.21 3.11 Muricid 
Bermont 1.22 3.24 Muricid 
Bermont 1.22 2.92 Muricid 
Bermont 1.22 3.18 Muricid 
Bermont 1.22 3.23 Muricid 
Bermont 1.23 2.99 Muricid 
Bermont 1.23 3.07 Muricid 
Bermont 1.23 3.30 Muricid 
Bermont 1.24 2.96 Muricid 
Bermont 1.24 3.03 Muricid 
Bermont 1.24 3.16 Muricid 
Bermont 1.24 3.11 Muricid 
Bermont 1.24 3.22 Muricid 
Bermont 1.24 3.28 Muricid 
Bermont 1.25 3.20 Muricid 
Bermont 1.25 3.24 Muricid 
Bermont 1.26 3.10 Muricid 
Bermont 1.26 3.13 Muricid 
Bermont 1.27 2.99 Muricid 
Bermont 1.27 3.02 Muricid 
Bermont 1.27 3.32 Muricid 
Bermont 1.18 2.72 Muricid 
Bermont 1.18 3.03 Muricid 
Bermont 1.18 3.00 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 1.28 3.25 Muricid 
Bermont 1.28 2.82 Muricid 
Bermont 1.28 3.11 Muricid 
Bermont 1.28 3.12 Muricid 
Bermont 1.29 3.23 Muricid 
Bermont 1.31 3.22 Muricid 
Bermont 1.31 3.24 Muricid 
Bermont 1.33 2.59 Muricid 
Bermont 1.34 3.21 Muricid 
Bermont 1.18 3.20 Muricid 
Ft. Thompson 0.36 2.89 Muricid 
Ft. Thompson 0.39 2.72 Muricid 
Ft. Thompson 0.41 2.62 Muricid 
Ft. Thompson 0.41 2.96 Muricid 
Ft. Thompson 0.41 2.20 Muricid 
Ft. Thompson 0.43 2.26 Muricid 
Ft. Thompson 0.44 2.13 Muricid 
Ft. Thompson 0.45 2.46 Muricid 
Ft. Thompson 0.47 2.42 Muricid 
Ft. Thompson 0.47 2.53 Muricid 
Ft. Thompson 0.48 2.48 Muricid 
Ft. Thompson 0.49 2.36 Muricid 
Ft. Thompson 0.49 2.01 Muricid 
Ft. Thompson 0.51 2.20 Muricid 
Ft. Thompson 0.51 2.26 Muricid 
Ft. Thompson 0.55 2.44 Muricid 
Ft. Thompson 0.57 2.31 Muricid 
Ft. Thompson 0.58 2.22 Muricid 
Ft. Thompson 0.58 3.21 Muricid 
Ft. Thompson 0.59 2.32 Muricid 
Ft. Thompson 0.61 2.11 Muricid 
Ft. Thompson 0.63 2.26 Muricid 
Ft. Thompson 0.63 2.42 Muricid 
Ft. Thompson 0.64 2.55 Muricid 
Ft. Thompson 0.64 2.79 Muricid 
Ft. Thompson 0.81 2.61 Muricid 
Ft. Thompson 0.81 2.12 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Ft. Thompson 0.67 2.20 Muricid 
Ft. Thompson 0.68 2.12 Muricid 
Ft. Thompson 0.68 2.73 Muricid 
Ft. Thompson 0.69 2.49 Muricid 
Ft. Thompson 0.69 2.46 Muricid 
Ft. Thompson 0.70 2.64 Muricid 
Ft. Thompson 0.70 2.69 Muricid 
Ft. Thompson 0.70 2.14 Muricid 
Ft. Thompson 0.70 2.65 Muricid 
Ft. Thompson 0.71 2.63 Muricid 
Ft. Thompson 0.71 2.46 Muricid 
Ft. Thompson 0.71 2.23 Muricid 
Ft. Thompson 0.72 2.19 Muricid 
Ft. Thompson 0.72 2.56 Muricid 
Ft. Thompson 0.72 2.76 Muricid 
Ft. Thompson 0.72 2.44 Muricid 
Ft. Thompson 0.73 2.24 Muricid 
Ft. Thompson 0.74 2.49 Muricid 
Ft. Thompson 0.74 2.85 Muricid 
Ft. Thompson 0.74 2.43 Muricid 
Ft. Thompson 0.75 2.11 Muricid 
Ft. Thompson 0.75 2.62 Muricid 
Ft. Thompson 0.75 2.43 Muricid 
Ft. Thompson 0.76 2.80 Muricid 
Ft. Thompson 0.77 3.00 Muricid 
Ft. Thompson 0.77 3.11 Muricid 
Ft. Thompson 0.77 2.34 Muricid 
Ft. Thompson 0.77 2.31 Muricid 
Ft. Thompson 0.77 2.32 Muricid 
Ft. Thompson 0.77 2.69 Muricid 
Ft. Thompson 0.78 2.69 Muricid 
Ft. Thompson 0.78 2.97 Muricid 
Ft. Thompson 0.79 2.82 Muricid 
Ft. Thompson 0.80 3.23 Muricid 
Ft. Thompson 0.81 2.68 Muricid 
Ft. Thompson 0.81 2.56 Muricid 
Ft. Thompson 0.82 2.51 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Ft. Thompson 1.17 3.07 Muricid 
Ft. Thompson 1.17 3.02 Muricid 
Ft. Thompson 1.17 2.90 Muricid 
Ft. Thompson 1.18 3.03 Muricid 
Ft. Thompson 1.20 3.46 Muricid 
Ft. Thompson 0.82 2.89 Muricid 
Ft. Thompson 0.82 2.50 Muricid 
Ft. Thompson 0.82 3.30 Muricid 
Ft. Thompson 0.83 2.47 Muricid 
Ft. Thompson 0.84 2.95 Muricid 
Ft. Thompson 0.84 2.61 Muricid 
Ft. Thompson 0.84 2.66 Muricid 
Ft. Thompson 0.85 2.68 Muricid 
Ft. Thompson 0.86 2.62 Muricid 
Ft. Thompson 0.87 3.08 Muricid 
Ft. Thompson 0.88 3.15 Muricid 
Ft. Thompson 0.88 2.49 Muricid 
Ft. Thompson 0.88 3.16 Muricid 
Ft. Thompson 0.89 3.13 Muricid 
Ft. Thompson 0.89 2.63 Muricid 
Ft. Thompson 0.90 2.60 Muricid 
Ft. Thompson 0.90 2.66 Muricid 
Ft. Thompson 0.90 2.63 Muricid 
Ft. Thompson 0.91 2.48 Muricid 
Ft. Thompson 0.91 2.66 Muricid 
Ft. Thompson 0.92 2.63 Muricid 
Ft. Thompson 0.93 2.85 Muricid 
Ft. Thompson 0.93 3.17 Muricid 
Ft. Thompson 0.93 2.97 Muricid 
Ft. Thompson 0.94 2.85 Muricid 
Ft. Thompson 0.94 3.09 Muricid 
Ft. Thompson 0.94 2.78 Muricid 
Ft. Thompson 0.94 2.29 Muricid 
Ft. Thompson 0.94 2.87 Muricid 
Ft. Thompson 1.18 3.06 Muricid 
Ft. Thompson 1.18 3.07 Muricid 
Ft. Thompson 1.18 2.29 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Ft. Thompson 0.95 3.24 Muricid 
Ft. Thompson 0.95 2.76 Muricid 
Ft. Thompson 0.96 2.72 Muricid 
Ft. Thompson 0.96 3.27 Muricid 
Ft. Thompson 0.96 2.65 Muricid 
Ft. Thompson 0.96 3.14 Muricid 
Ft. Thompson 0.96 2.57 Muricid 
Ft. Thompson 0.96 2.46 Muricid 
Ft. Thompson 0.98 2.93 Muricid 
Ft. Thompson 0.99 3.02 Muricid 
Ft. Thompson 1.00 3.01 Muricid 
Ft. Thompson 1.00 2.76 Muricid 
Ft. Thompson 1.02 2.88 Muricid 
Ft. Thompson 1.02 2.96 Muricid 
Ft. Thompson 1.02 2.96 Muricid 
Ft. Thompson 1.02 3.27 Muricid 
Ft. Thompson 1.03 3.13 Muricid 
Ft. Thompson 1.03 3.17 Muricid 
Ft. Thompson 1.03 2.61 Muricid 
Ft. Thompson 1.03 2.95 Muricid 
Ft. Thompson 1.04 3.05 Muricid 
Ft. Thompson 1.04 3.31 Muricid 
Ft. Thompson 1.04 2.69 Muricid 
Ft. Thompson 1.04 2.95 Muricid 
Ft. Thompson 1.05 3.26 Muricid 
Ft. Thompson 1.05 2.55 Muricid 
Ft. Thompson 1.05 2.65 Muricid 
Ft. Thompson 1.05 2.75 Muricid 
Ft. Thompson 1.06 2.93 Muricid 
Ft. Thompson 1.06 3.12 Muricid 
Ft. Thompson 1.06 3.09 Muricid 
Ft. Thompson 1.07 2.95 Muricid 
Ft. Thompson 1.07 2.84 Muricid 
Ft. Thompson 1.07 3.15 Muricid 
Ft. Thompson 1.20 3.40 Muricid 
Ft. Thompson 1.20 3.53 Muricid 
Ft. Thompson 1.21 2.78 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Ft. Thompson 1.07 2.87 Muricid 
Ft. Thompson 1.08 3.08 Muricid 
Ft. Thompson 1.08 3.06 Muricid 
Ft. Thompson 1.08 3.17 Muricid 
Ft. Thompson 1.08 2.83 Muricid 
Ft. Thompson 1.08 3.08 Muricid 
Ft. Thompson 1.09 2.83 Muricid 
Ft. Thompson 1.09 2.53 Muricid 
Ft. Thompson 1.09 2.84 Muricid 
Ft. Thompson 1.09 3.13 Muricid 
Ft. Thompson 1.09 2.74 Muricid 
Ft. Thompson 1.10 3.26 Muricid 
Ft. Thompson 1.10 3.17 Muricid 
Ft. Thompson 1.10 2.69 Muricid 
Ft. Thompson 1.10 2.65 Muricid 
Ft. Thompson 1.10 2.81 Muricid 
Ft. Thompson 1.10 3.20 Muricid 
Ft. Thompson 1.10 2.54 Muricid 
Ft. Thompson 1.11 2.87 Muricid 
Ft. Thompson 1.11 3.09 Muricid 
Ft. Thompson 1.12 3.24 Muricid 
Ft. Thompson 1.12 3.05 Muricid 
Ft. Thompson 1.13 3.14 Muricid 
Ft. Thompson 1.13 2.65 Muricid 
Ft. Thompson 1.13 2.93 Muricid 
Ft. Thompson 1.13 2.47 Muricid 
Ft. Thompson 1.14 3.25 Muricid 
Ft. Thompson 1.15 3.14 Muricid 
Ft. Thompson 1.15 3.19 Muricid 
Ft. Thompson 1.15 3.13 Muricid 
Ft. Thompson 1.16 3.09 Muricid 
Ft. Thompson 1.16 3.05 Muricid 
Ft. Thompson 1.16 2.99 Muricid 
Ft. Thompson 1.16 2.93 Muricid 
Ft. Thompson 1.21 3.19 Muricid 
Ft. Thompson 1.22 3.40 Muricid 
Ft. Thompson 1.24 3.06 Muricid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Ft. Thompson 1.24 3.11 Muricid 
Ft. Thompson 1.24 3.05 Muricid 
Ft. Thompson 1.25 3.13 Muricid 
Ft. Thompson 1.25 3.16 Muricid 
Ft. Thompson 1.27 2.63 Muricid 
Ft. Thompson 1.28 3.30 Muricid 
Ft. Thompson 1.28 3.29 Muricid 
Ft. Thompson 1.28 3.21 Muricid 
Ft. Thompson 1.29 3.28 Muricid 
Ft. Thompson 1.30 3.00 Muricid 
Ft. Thompson 1.39 3.18 Muricid 
Ft. Thompson 1.42 3.11 Muricid 
Ft. Thompson 1.46 3.26 Muricid 
Tamiami 0.06 2.03 Naticid 
Tamiami 0.97 2.61 Naticid 
Tamiami 0.77 2.63 Naticid 
Tamiami 0.63 2.69 Naticid 
Tamiami 0.26 2.74 Naticid 
Tamiami 0.98 2.76 Naticid 
Tamiami 1.05 2.79 Naticid 
Tamiami 0.76 2.83 Naticid 
Tamiami 0.64 2.90 Naticid 
Tamiami 1.18 2.93 Naticid 
Tamiami 1.11 3.14 Naticid 
Tamiami 0.92 3.17 Naticid 
Tamiami 1.26 3.18 Naticid 
Tamiami 1.36 3.22 Naticid 
Tamiami 1.51 3.28 Naticid 
Tamiami 1.31 3.29 Naticid 
Tamiami 1.49 3.35 Naticid 
Tamiami 1.47 3.41 Naticid 
Caloosahatchee 0.16 1.00 Naticid 
Caloosahatchee 0.44 1.68 Naticid 
Caloosahatchee 0.37 1.88 Naticid 
Caloosahatchee 0.55 1.88 Naticid 
Caloosahatchee 0.09 1.90 Naticid 
Caloosahatchee 0.35 2.02 Naticid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 1.36 2.18 Naticid 
Caloosahatchee 0.10 2.19 Naticid 
Caloosahatchee 0.64 2.19 Naticid 
Caloosahatchee 0.21 2.19 Naticid 
Caloosahatchee 0.64 2.19 Naticid 
Caloosahatchee 0.34 2.20 Naticid 
Caloosahatchee 0.19 2.21 Naticid 
Caloosahatchee 0.45 2.21 Naticid 
Caloosahatchee 0.36 2.23 Naticid 
Caloosahatchee 0.67 2.26 Naticid 
Caloosahatchee 0.52 2.28 Naticid 
Caloosahatchee 0.25 2.29 Naticid 
Caloosahatchee 0.82 2.30 Naticid 
Caloosahatchee 0.92 2.31 Naticid 
Caloosahatchee 0.32 2.33 Naticid 
Caloosahatchee 0.14 2.33 Naticid 
Caloosahatchee 0.66 2.34 Naticid 
Caloosahatchee 0.74 2.36 Naticid 
Caloosahatchee 0.52 2.37 Naticid 
Caloosahatchee 0.88 2.38 Naticid 
Caloosahatchee 0.57 2.02 Naticid 
Caloosahatchee 0.10 2.04 Naticid 
Caloosahatchee 0.18 2.04 Naticid 
Caloosahatchee 0.45 2.05 Naticid 
Caloosahatchee 0.17 2.05 Naticid 
Caloosahatchee 0.27 2.07 Naticid 
Caloosahatchee 0.70 2.12 Naticid 
Caloosahatchee 0.17 2.12 Naticid 
Caloosahatchee 0.52 2.13 Naticid 
Caloosahatchee 0.82 2.13 Naticid 
Caloosahatchee 0.68 2.15 Naticid 
Caloosahatchee 0.43 2.15 Naticid 
Caloosahatchee 0.72 2.15 Naticid 
Caloosahatchee 0.39 2.17 Naticid 
Caloosahatchee 0.16 2.17 Naticid 
Caloosahatchee 0.53 2.17 Naticid 
Caloosahatchee 0.43 2.18 Naticid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 1.00 2.54 Naticid 
Caloosahatchee 0.62 2.55 Naticid 
Caloosahatchee 0.64 2.55 Naticid 
Caloosahatchee 0.92 2.55 Naticid 
Caloosahatchee 0.80 2.56 Naticid 
Caloosahatchee 0.80 2.56 Naticid 
Caloosahatchee 0.94 2.56 Naticid 
Caloosahatchee 1.04 2.56 Naticid 
Caloosahatchee 1.05 2.56 Naticid 
Caloosahatchee 0.79 2.57 Naticid 
Caloosahatchee 0.78 2.58 Naticid 
Caloosahatchee 0.79 2.58 Naticid 
Caloosahatchee 0.92 2.58 Naticid 
Caloosahatchee 1.16 2.61 Naticid 
Caloosahatchee 0.99 2.61 Naticid 
Caloosahatchee 0.77 2.62 Naticid 
Caloosahatchee 0.36 2.64 Naticid 
Caloosahatchee 0.77 2.65 Naticid 
Caloosahatchee 0.99 2.65 Naticid 
Caloosahatchee 1.34 2.65 Naticid 
Caloosahatchee 1.11 2.69 Naticid 
Caloosahatchee 0.94 2.70 Naticid 
Caloosahatchee 0.72 2.70 Naticid 
Caloosahatchee 0.59 2.39 Naticid 
Caloosahatchee 0.78 2.42 Naticid 
Caloosahatchee 0.57 2.43 Naticid 
Caloosahatchee 0.90 2.44 Naticid 
Caloosahatchee 0.62 2.45 Naticid 
Caloosahatchee 0.52 2.46 Naticid 
Caloosahatchee 0.60 2.47 Naticid 
Caloosahatchee 0.67 2.48 Naticid 
Caloosahatchee 1.03 2.52 Naticid 
Caloosahatchee 0.92 2.52 Naticid 
Caloosahatchee 0.73 2.53 Naticid 
Caloosahatchee 0.46 2.53 Naticid 
Caloosahatchee 0.89 2.53 Naticid 
Caloosahatchee 0.60 2.54 Naticid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 1.07 2.87 Naticid 
Caloosahatchee 1.28 2.87 Naticid 
Caloosahatchee 1.22 2.87 Naticid 
Caloosahatchee 1.29 2.89 Naticid 
Caloosahatchee 1.00 2.89 Naticid 
Caloosahatchee 1.43 2.89 Naticid 
Caloosahatchee 1.27 2.90 Naticid 
Caloosahatchee 1.00 2.91 Naticid 
Caloosahatchee 0.98 2.91 Naticid 
Caloosahatchee 1.13 2.91 Naticid 
Caloosahatchee 0.91 2.92 Naticid 
Caloosahatchee 0.86 2.92 Naticid 
Caloosahatchee 1.40 2.92 Naticid 
Caloosahatchee 1.31 2.93 Naticid 
Caloosahatchee 1.38 2.94 Naticid 
Caloosahatchee 1.49 2.94 Naticid 
Caloosahatchee 1.00 2.94 Naticid 
Caloosahatchee 1.18 2.95 Naticid 
Caloosahatchee 1.03 2.95 Naticid 
Caloosahatchee 0.77 2.96 Naticid 
Caloosahatchee 1.12 2.96 Naticid 
Caloosahatchee 1.34 2.98 Naticid 
Caloosahatchee 0.88 2.98 Naticid 
Caloosahatchee 1.33 2.98 Naticid 
Caloosahatchee 0.96 3.00 Naticid 
Caloosahatchee 1.26 3.01 Naticid 
Caloosahatchee 1.02 2.71 Naticid 
Caloosahatchee 1.55 2.71 Naticid 
Caloosahatchee 0.89 2.73 Naticid 
Caloosahatchee 1.01 2.75 Naticid 
Caloosahatchee 0.94 2.78 Naticid 
Caloosahatchee 0.81 2.79 Naticid 
Caloosahatchee 1.11 2.81 Naticid 
Caloosahatchee 0.60 2.82 Naticid 
Caloosahatchee 1.11 2.83 Naticid 
Caloosahatchee 0.88 2.83 Naticid 
Caloosahatchee 1.00 2.85 Naticid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Caloosahatchee 1.40 3.01 Naticid 
Caloosahatchee 1.14 3.01 Naticid 
Caloosahatchee 1.19 3.01 Naticid 
Caloosahatchee 1.62 3.02 Naticid 
Caloosahatchee 1.34 3.03 Naticid 
Caloosahatchee 1.30 3.03 Naticid 
Caloosahatchee 1.14 3.03 Naticid 
Caloosahatchee 1.17 3.04 Naticid 
Caloosahatchee 1.26 3.04 Naticid 
Caloosahatchee 1.01 3.04 Naticid 
Caloosahatchee 0.92 3.04 Naticid 
Caloosahatchee 1.24 3.04 Naticid 
Caloosahatchee 1.00 3.07 Naticid 
Caloosahatchee 1.08 3.08 Naticid 
Caloosahatchee 1.51 3.08 Naticid 
Caloosahatchee 1.18 3.08 Naticid 
Caloosahatchee 1.11 3.14 Naticid 
Caloosahatchee 1.43 3.15 Naticid 
Caloosahatchee 1.26 3.15 Naticid 
Caloosahatchee 1.43 3.16 Naticid 
Caloosahatchee 1.14 3.20 Naticid 
Caloosahatchee 1.23 3.21 Naticid 
Caloosahatchee 1.18 3.23 Naticid 
Caloosahatchee 1.61 3.25 Naticid 
Caloosahatchee 1.44 3.26 Naticid 
Caloosahatchee 1.11 3.27 Naticid 
Caloosahatchee 0.97 3.30 Naticid 
Caloosahatchee 1.24 3.30 Naticid 
Caloosahatchee 1.18 3.35 Naticid 
Bermont 1.07 2.00 Naticid 
Bermont 0.03 2.10 Naticid 
Bermont 0.05 2.15 Naticid 
Bermont 0.06 2.24 Naticid 
Bermont 0.10 2.28 Naticid 
Bermont 0.04 2.35 Naticid 
Bermont 0.56 2.35 Naticid 
Bermont 0.55 2.37 Naticid 
Bermont 0.35 2.38 Naticid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.05 2.39 Naticid 
Bermont 0.04 2.42 Naticid 
Bermont 0.57 2.42 Naticid 
Bermont 0.62 2.43 Naticid 
Bermont 0.19 2.43 Naticid 
Bermont 1.03 2.49 Naticid 
Bermont 0.26 2.54 Naticid 
Bermont 0.58 2.55 Naticid 
Bermont 0.96 2.56 Naticid 
Bermont 0.95 2.62 Naticid 
Bermont 0.52 2.62 Naticid 
Bermont 0.21 2.65 Naticid 
Bermont 0.92 2.65 Naticid 
Bermont 1.08 2.67 Naticid 
Bermont 1.00 2.72 Naticid 
Bermont 0.81 2.75 Naticid 
Bermont 0.76 2.76 Naticid 
Bermont 0.37 2.78 Naticid 
Bermont 0.73 2.78 Naticid 
Bermont 1.11 2.84 Naticid 
Bermont 0.96 2.85 Naticid 
Bermont 0.68 2.86 Naticid 
Bermont 0.27 2.86 Naticid 
Bermont 0.51 2.87 Naticid 
Bermont 1.08 2.95 Naticid 
Bermont 0.76 2.95 Naticid 
Bermont 0.70 2.95 Naticid 
Bermont 0.73 2.97 Naticid 
Bermont 0.15 2.98 Naticid 
Bermont 1.06 3.03 Naticid 
Bermont 1.12 3.06 Naticid 
Bermont 1.08 3.11 Naticid 
Bermont 1.03 3.13 Naticid 
Bermont 0.88 3.14 Naticid 
Bermont 1.23 3.15 Naticid 
Bermont 1.01 3.15 Naticid 
Bermont 0.67 3.16 Naticid 
Bermont 0.93 3.17 Naticid 
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Table C.2 (continued).  
Formation Outer 
Borehole 
Diameter 
 Prey 
height 
Predatory 
group 
Bermont 0.76 3.18 Naticid 
Bermont 1.08 3.18 Naticid 
Bermont 1.13 3.19 Naticid 
Bermont 0.82 3.19 Naticid 
Bermont 0.94 3.22 Naticid 
Bermont 1.09 3.29 Naticid 
Bermont 1.34 3.35 Naticid 
Bermont 0.84 3.38 Naticid 
Ft. Thompson 0.38 2.09 Naticid 
Ft. Thompson 0.59 2.26 Naticid 
Ft. Thompson 0.99 2.26 Naticid 
Ft. Thompson 0.78 2.27 Naticid 
Ft. Thompson 1.07 2.28 Naticid 
Ft. Thompson 0.67 2.31 Naticid 
Ft. Thompson 0.64 2.35 Naticid 
Ft. Thompson 0.47 2.53 Naticid 
Ft. Thompson 1.12 2.56 Naticid 
Ft. Thompson 1.03 2.58 Naticid 
Ft. Thompson 0.72 2.63 Naticid 
Ft. Thompson 0.44 2.74 Naticid 
Ft. Thompson 0.61 2.76 Naticid 
Ft. Thompson 1.24 2.78 Naticid 
Ft. Thompson 1.27 2.80 Naticid 
Ft. Thompson 1.13 2.84 Naticid 
Ft. Thompson 0.82 2.86 Naticid 
Ft. Thompson 1.06 2.88 Naticid 
Ft. Thompson 1.14 2.93 Naticid 
Ft. Thompson 0.92 3.12 Naticid 
Ft. Thompson 1.30 3.17 Naticid 
Ft. Thompson 0.93 3.19 Naticid 
Ft. Thompson 1.23 3.20 Naticid 
Ft. Thompson 1.47 3.42 Naticid 
 
 
